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SIRIUS: THE BRIGHT AND MORNING STAR.* 


JOHN F. LANNEAU 


Familiarity with the conspicuous stars in night’s diadem, 
antedates all human records. 

We may now see ruddy Arcturus in the north-east sky, and 
in the south-west the clustering Pleiades and brilliant Orion. 
They were well known tothat ancient Patriarch who asked: 
Canst thou guide Arcturus and his sons? Canst thou bind the 
sweet influences of Pleiades, or loose the bands of Orion ? 

He asserts that man is too weak to control the stars in their 
courses: Canst thou guide Arcturus and his sons? 

He was familiar with the fact that in spring at day-dawn 
the Pleiades rose in the east just before the Sun, marking the 
advent of that delightful season: Canst thou bind (delay) the 
sweet influences of Pleiades? He knew that at first approach 
of rigorous winter, at sunset Orion rises in the east and 
dominates the long nights while the Earth is wrapped in frozen 
bands: Canst thou loose the bands of Orion? 

Note b:low Orion that bright particular star, glorious Sirius— 
sevenfold brighter than any other star in all the heavens! 

So bright is it that in the spring, as now, one knowing just 
where to look in the southern sky, may see it with the naked 
eve in broad sunshine. 

Sirius viewed in any phase, poetic, scientific, historic, or 
messianic, is leader, chief of all the glittering host of heaven. 

There is full warrant for that metric outburst: ‘Hail mighty 
Sirius, monarch of the Suns!’’ 

Why so refulgent? Did Zulamith the Bold and Salami the 
Fair, ardent lovers, separated a thousand years while toiling 
to make their bridge, the Milky Way—did they at last, with 
ardor unabated, meet upon it? 





* 


Address before the North Carolina Acad. of Science, in Raleigh, 
April 28, 1911. 
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“Straight rushed into each other’s arms 
And melted into one; 

So they became the brightest star 
In heaven’s high arch that dwelt— 

Great Sirius, the mighty Sun 
Beneath Orion's belt.” 

Of the fact, however, that Sirius is indeed a ‘‘mighty Sun’’, 
astronomers have ample proof. 


DISTANCE. 


To realize this fact, we must have some adequate conception 
of that star’s wondrous distance—its almost interminable 
remoteness from us. 

A tiny speck on the distant horizon, when neared, looms up 
a mountain! Our noon-day Sun, but a dazzling spot on the 
blue sky, is in reality a vast globe more than a thousand times 
larger than this Earth. How distant is it? The familiar 
figures, ninety-three million miles, give no idea of its great 
distance. 

Wilbur Wright’s aeroplane flies fifty miles an hour. Could 
it continue at that speed and soar to the Sun, it would require 
for the long flight two hundred and twelve years. 

The aeroplane’s swift flight for two centuries may serve to 
picture the many million miles to our Sun. At such distance, 
how vast must be the magnitude of the Sun—though it seems 
but a dazzling spot on our sky! 

But many, many, many times further than the Sun, and 
larger and more radiant than the Sun, is yonder Sirius. In 
fact, the Sun’s amazing distance is only a step in the vaster 
reach to remote Sirius. 

To picture Sirius’ remoteness we invoke the aid of the veloc- 
ity of light. The genius of Micnelson has proved experiment- 
ally that light in a single second darts its subtle ray 186330 
miles! 

From our distant Sun, light comes to us in 499 seconds— 
about eight minutes. From Sirius, speeding hither 186330 
miles each second, it takes over eight years to reach us. 

By as much as eight years is longer than eight minutes— 
500000 times longer—by that much does the remoteness of 
Sirius exceed the remoteness of the Sun. 

Should He whose glory the heavens declare, see fit to convey 
our noon-day Sun instantly to the remote region of Sirius, 
that instant night’s glittering host would shine out. And 
among the twinklers around the monarch Sirius, we would see 
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our Sun dwindle by distance to a small star no brighter than 
our modest north star. Indeed, allowing for distance, exact 
photometric measurement shows that “mighty Sirius” radiatcs 
more light than forty suns like ours. 


MOorIon. 


In all recorded time Sirius, to human eye, has shined out as 
now, ‘‘Beneath Orion’s belt.’”’ The question then, arises: Is 
Sirius stationary, fixed in position, poised immovably in space? 

By no means. Edmund Halley, of comet fame, in 1718 first 
settled this question. By comparing its position then with 
ancient records of its direction, he discovered that in the in- 
terval of two thousand years Sirius had moved southward a 
half degree—about as much as our Sun’s apparent breadth. 

That seeming sun-breadth’ at Sirius remoteness is, in fact, 
an amazing change. At the Sun’s distance the apparent sun- 
breadth—a half degree—means its real diameter, nearly a 
million. miles. And at Sirius, 500000 times more distant from 
us, the half degree of change means 500000 million miles. That 
Sirius in twenty centuries traverses a path 500000 million 
miles long shows by a simple calculation, that Sirius is moving 
at the rate of ten miles a second! 

So far off from us, seemingly stationary under Orion’s belt, 
Sirius is really sweeping along its appointed path with twenty 
times cannon-shot speed! 

And, in a word, it is now known that of the myriad stars 
in ‘Sheaven’s high arch” each one, though seemingly fixed, is 
really in rapid motion. Suns all, differing in glory, they differ 
too in speed, and their paths are in all conceivable directions. 
But alike in unthinkable remoteness, they seem to be stationary. 

What of the Sun, our day-star; is he too, with all his circling 
planets, speeding through space? Yes. England’s great as. 
tronomer, Sir William Herschel, comparing exact star charts 
made centuries apart found that ruddy Arcturus and soft-blue 
Vega in the northern sky, are sensibly separating, while in the 
south the clear-white rivals, Sirius and Canopus, are lessening 
their interval. 

Like comparison shows that in the expanse about Vega the 
stars in general seem to be opening out, while those in the 
region of Sirius seem to be closing in. 

As a traveller sees the trees ahead open out, and those behind 
crowd together, so the separating of stars in the one region 
and the closing of those in the other indicate unmistakably 
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that our Sun is speeding away from Sirius and towards Vega— 
and, with more than twenty times the swiftness of a can- 
non ball! 

COMPANION 

Once more consider Sirius. Before large telescopes were 
available, Bessel, after ten years of close scrutiny, found that 
Sirius while moving on, as we have seen, is also tracing an 
oval orbit, completing each majestic sweep in about fifty years. 

That startling fact made clear that it must have a compan- 
ion—the two revolving around a commoncenter. Yet no such 
companion could then be seen. Was it a dark star,—one grown 
cold, its light quenched ? 

Years after, when the fine telescope of the Dearborn Observa- 
tory was made at Cambridgeport, Mass., Alvan G. Clark, 
testing its power, turned it on Sirius, and to his surprise saw 
close by, faintly, the predicted companion star! 

The seeming “‘close by’’ is, in reality, more than a score of 
times the Sun’s distance from us. An aeroplane’s flight*across 
that ‘‘close by” would take forty centuries! ; 

Thus, Sirius and his faint companion, each larger than our 
Sun, make repeated stupendous sweeps around their common 
center as together they speed on with many times cannon-ball 
swiftness. 

In passing, I need only say it is now known that not only 
Sirius, but probably thousands, certainly hundreds of other 
stars have companions in their onward way—the two or more, 
in each case, sc remote from us they appear as a single star. 


MORNING STAR. 


Ihave styled Sirius the bright and morning star. Let me 
before closing, justify this title. 

It is, unquestionably, the brightest star in heaven’s galaxy— 
seven times brighter than any other. Why the morning star? 
Just now we see it at night, high up. By June in the early 
evening, we will see it gem the western sky low down near the 
horizon. Later on, by the Earth’s eastward orbital motion, 
Sirius passes the Sun and disappears from nights shining host. 
Then, west of the Sun, at early dawn it sparkles in the east low 
down—the bright and morning star, herald of gladdening day. 

Sunrise! Only the poet with keenest sense of color-contrast 
may paint it. 

Was it Sirius, scarce risen, that Shelley glimpsed when wan- 
dering betimes among the ruins of classic Caracalla? 
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He saw the modest stars pale and vanish at Aurora’s ap- 
proach. How charmingly he pictured the changeiul scene! 


“The point of one white star is quivering still, 
Deep in the orange light of widening 
Beyond the purple mountains; through a chasm 

Of wind-divided mist the darker lake 
Reflects it; now it wanes: it gleams again 
As the waves fade, and as the burning threads 
Of woven cloud unravel in pale air 
‘Tis lost! and through yon peaks of cloud-like snow 


The roseate sunlight quivers.” 


As summer advances, at dawn the bright and morning star 
no longer quivers “deep in the orange light of widening morn,” 
but higher up and shining clear heralds for hours the coming 
day. 

And mark! when Sirius is morning star to us, it is morning 
star tothe round world. As sunrise greets in turn nation after 
nation westward, so too its herald, the bright and morning 
star, beams in turn on every land. Hours before it signals in 
our eastern morning sky, it heralds day to the historic land of 
pyramid and obelisk and sphinx—where the Nile, in summer 
time, inundates and enriches the long, narrow valley of Egypt. 

Note that lonely watcher on a lofty minaret in Cairo. It is 
the month of roses and of brides—June, at early dawn. His 
eyes strain towards India, eastward. Morning after morning 
his eager gaze is still eastward. 

And now lo, ‘‘the point of one white star’’ “deep in the 
orange light of widening ‘morn’! He doubts. Next day, at 
blush of dawn, see! the welcomed star shines clear, the bright 
and morning star. 

His glad shout puts all Cairo astir: ‘The Nile is rising!” 

He watches on for weeks and months as Sirius at dawn 
mounts higher and higher in the eastern sky. All the while 
the Nile is rising higher and higher. And when in September, 
at first blush of day he sees Sirius far up, at meridian height, 
from his lofty minaret he shouts: ‘‘Abundance, the Nile is at 
its height!” 

For centuries the Nile—furrowing Egypt a straight course 
northward for fifteen hundred miles, annually overflowing and 
fertilizing the land once the granary of the world—began its 
rise when just before ‘‘the roseate sunlight quivers” in the east 
Sirius rose as bright and morning star. 
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STAR OF PATMOS. 


Shining harbinger of coming plenty, priest and peasant 
worshipped the star as they worshipped the river. To them, 
it was the auspicious morning star. 

To us Sirius, at morn or night, may signify far more. Chief 
among the stellar lights, exalted in nature, majestic in motion, 
adored by Egypt’s myriads, it is a fitting type of Him who is 
“the light of men,’’ whose last word at Patmos was: “I am -- - 
the bright and morning star.” 

He, the morning star of the soul’s rapt gaze, heralds a rising 
Nile of love divine to all of every nation who welcome His 
whitest light. 

Wake Forest, N. C. 





METHODS OF SILVERING MIRRORS. * 





HEBER D. CURTIS 


BURNISHING. 


Make two rubbers of best chamois skin, stretched over balls 
of absorbent cotton. Go over the entire surface in circular 
strokes, first with a plain rubber to harden the film. Then 
grind a little best optical rouge into the chamois of the other 
rubber and repeat. Dust mirror frequently during polishing, 
and occasionally run the edge of a knife over the pads to 
“scruff” them up; then dust the pads with a camel’s hair brush 
to prevent the solid particles of rouge from making scratches. 
With a perfectly deposited coat only a few touches with the 
rouged pad will be necessary. 

Of the methods given above. Brashear’s 1s probably the 
most used. The writer has always used this method in silver- 
ing the mirrors of the Mills reflector at Santiago and the 
Crossley reflector. Properly applied, it gives a very thick, 
bright, and tough film, which will stand many burnishings. 
Dr. Ritchey, of Mount Wilson Solar Observatory, prefers it 
also to any of the other processes which he has tried, and 
state that films deposited hy this method on the small mirrors 





*Reprinted from the Publications of the Astronoinical Society 


ot the 
Pacific Vol. xxiti, February 1911. Continued from page 337. 
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of the 60-inch reflector have remained in perfect condition as 
long as eighteen months with occasional reburnishing. A good 
coat at Mount Hamilton should last at least nine months. 

Dr. Schlesinger uses Brashear’s process at Allegheny essential- 
ly as given above. The mirror is not removed from the teles- 
cope, and the solution is kept in motion by moving the teles- 
cope back and forth in right ascension. He finds it essential 
to dry the mirror quickly after the silver has been deposited; 
for this purpose he employs an electric fan, and does not 
attempt to silver unless the atmosphere is tolerably dry. He 
writes:— 

‘For burnishing we use chamois and rouge or a good grade 
of absorbent cotton and rouge. Occasionally we have secured 
coats that are beautifully bright without burnishing, but even 
in these cases we have found it desirable to burnish at once, 
as the life of the coat is thus prolonged. 

‘In our situation we silver the 30-inch mirror once a month 
and the secondary (hyperboloidal) mirror every two weeks. 
In the violet and ultra-violet portions of the spectrum the 
mirrors decrease considerably in effectiveness only a few days 
after they have been renewed. 

‘‘When the mirrors are not in use they are protected by metal 
covers lined with absorbant cotton. The latter is pressed into 
contact with the silvered surfaces and effectually prevents the 
oxidation that would otherwise rapidly spoil the silver. 

‘Although the tube of the telescope is entirely open and the 
mirrors are thus directly exposed to the heavy dew that we 
occasionally have here, we have never noticed the least deposit 
of moisture on the mirror. Care must be taken, however, not 
to expose the mirrers when they are colder than the air, as in 
that case the moisture immediately condenses on the silver and 
seems to get between it and the glass.’’ 

The air at Mount Hamilton is of course almost absolutely 
free from deleterious vapors which would injure the film, so 
such frequent silvermmgs have not been found necessary. The 
flap which covers the mirror of the Crossiey is about three 
feet above the mirror, but is never closed in the summer time; 
the mirror is occasionally dusted with a very soft, fine feather 
duster toclean off the light dust which gradually collects on 
the surface. 

In some localities the deterioration of the silver coat is so 
rapid that considerable thought has been given to methods for 
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protecting the film. A method due to M. Izarn* consisted in 
coating the mirror with a thin film of bichromatized gelatine, 
and was tried with some success at the observatory of Tou- 
louse. Perot? describes the method of forming a very thin film 
of celluloid over the silver film:— 

“After having thoroughly washed, dried, and polished the 
mirror, and having very carefully removed all dust, a dilute 
solution of celluloid in amyl acetate is poured over the surface. 
The operation can be performed at ordinary temperatures, and 
the commercial solution, known as Japan varnish, diluted with 
about its volume of amyl acetate, serves very well. The mirror 
is tilted so as to let the excess drain off and is dry in half an 
hour. Broad, strongly colored interference bands (colors .of 
the third order) should then be seen on the surface, showing 
that the uniform thickness of the celluloid is about 0.54. Under 
these conditions the images are bright, sharp, and show no 
diffusion if the film of celluloid is thin. The results obtained 
at the observatory of Meudon from the use of this varnish 
are very favorable. Among others, a plane mirror 60cm. in 
diameter, which formerly had to be silvered every month in 
the year, lasted nearly six months, and without doubt could 
have been used longer if the washing after silvering had been 
made with greater care. The protecting coat is rather soft, 
and care should be taken to avoid scratches, The dust which 
gradually collects on the surface should be removed by a very 
gentle dusting.” 

All silvering processes appear to be very wasteful. Dr. Com- 
mon removed a fine coat from his five-foot mirror after a year’s 
use. On weighing, the thickness of the silver film was found 
to be 1/280,000 of an inch = 907 tenth-meters. Of the 400 
grams of nitrate of silver used in depositing the film on 1.7 
grams was laid down as silver. 

Chloride of silver can be deposited from the spent solutions 
by the addition of common salt, and the silver thus ultimately 
recovered. 

A thick film will have a much longer life than a very thin 
one. Quincke states that he silvered a small mirror with a 
very thick coat (Petitjean’s process, employing tartaric acid 
as reducer) which stood one hundred and fifty reburnishings. 





* Comptes Rendus, 118, 1314, 1898. 
+ Comptes Rendus, November 2, 1909. 
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A convenient way of determining the thickness of a silver 
film is due to Fizeau.* ‘‘To determine the thickness of the 
deposit of silver a bit of iodine was placed on its surface, and 
allowed to develop about it, under the influence of its emana- 
tion, colored rings of silver iodide till the spot occupied by 
the iodine became entirely transparent, the silver coat at that 
point being transformed into yellow iodide through its entire 
thickness.+ From the point where the vapors of iodine had 
not touched the silver up to that where the metal was entirely 
transformed into iodide, there was a series of colored rings 
beginning with white and which, counted with a red glass, 
were found to number nine. The series ceased about the middle 
of the ninth bright ring. The index of refraction of silver 
iodide being 2.246 ..., the ninth bright ring gave for the 
thickness of the silver iodide 0.00193 mm. Thence was derived 
0.000294 mm. for the thickness of the silver coat.” 

Fizeau describes this film as “very thin, but nevertheless of 
perfect opacity.”’ It wascertainly a very thick film and more 
‘‘massive’’ than is ordinarily secured. Another film, which he 
describes as opaque to light of moderate intensity only (silver 
foil) gave Nobili’s rings to the fourth bright ring, correspond- 
ing to a silver thickness of 1,102 tenth-meters; the Sun could 
be seen through this film, colored a very rich blue. A still 
thinner film of a greater degree of transparence showed the 
iodide rings to the second bright ring, corresponding to a 
thickness for the silver film of 367 tenth-meters. 

For the use of this method, the following table will suffice:— 

THICKNESS OF THE ORIGINAL SILVER FILM AS DETERMINED 

FROM NOBILI’S RINGS IN SILVER IODIDE. 





To first dark ring........... ah .... 180 tenth-meters 
‘** seeond bright ring... 370 ‘“ 2g 
“ third - i 740 $s 
* fourth « “ a oe ne L700 “ 
fifth = De aweacethiniins exes inieuscves 1,470 
** sixth ¥ WD -aeseatingecceeed ear eT 
“seventh “ ae a ER 2,200 
“eighth ‘“ ST, ice apia ke auaas ties cud TO 
‘ ninth - OT sistnctnpiemineaeamne 2,940 
tenth oe ge eT Erne 


The color of the silver transformed to silver iodide may 
instead be determined by reflected light. If e is the thickness 
of the air film which would show the same Newtonian color 
as that given by the, silver iodide film, then from 





* Comptes Rendus, 52, 274, 1861. 

+ For the symmetrical production of these rings (known as Nobili’s rings) 
it is well to avoid the effect of air drafts by placing a funnel or beaker, which 
should not fit too closely to the surface, over the crystal of iodine. 
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The atom 
The atom 
The specif 


The specific gravity of silver iodide 56 =d 
The refractive index of silver iodide : 215 =n 


the thickness of the silver film from which the silver iodide 


was formed is— 


Thence we have the following table, adapted from Drude’s 
table in Wied. Ann., 50, 607, 1893; the colors are Quincke’s:— 


TABLE FOR 


Thickness of 
original silver film 
in tenth-meters. 


1026 
1101 
1139 
1157 





ic weight of silver iodide = 284.9 —IAg 
ic gravity of silver 10.55 = d 


ic weight of silver = 207.9 = Ag 


I II 


faite Ag a e , 
eae IAg don = 0.114¢ 


DETERMINING THICKNESS OF SILVER FILMS. 


Colors of silver iodide film in perpendicularly 
reflected white light. 

Black 
Iron gray 
Lavender gray 
Bluish gray 
Clear gray 
Greenish white ee, 
Straw color First Order 
Bright, yellow 
Sorrel 
Reddish orange 
Warm red 
Deeper red 


Purple 
Indigo 
Sky blue 
Greenish blue | 
Green 

Clearer green : 
Yellowish green Second Order | 
Greenish yellow 

Pure yellow 
Orange 
Reddish orange 
Dark violet red 





Clear bluish violet 
Indigo 

Blue (greenish) 
Sea green 

srilliant’ green 
Greenish yellow 
Flesh color 
Carmine red 

Dull purple 
Violet gray 


Third Order 


Grayish blue 
Dull sea-green 
Bluish green | 
Fine pure green Fourth Order 
Clear gray-green 
Gray, almost white 
Flesh red 
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A still more accurate method of determining the thickness 
of the silver film was employed by Drude in the paper quoted, 
but requires some subsidiary apparatus and would be very 
dificult of application to a surface not plane. The film is 
transformed into iodide by Fizeau’s method and a narrow strip 
of the iodide is then scratched off. A plane glass plate is then 
placed over the film so as to make a very thin prism of air 
whose refracting edge is perpendicular to the direction of the 
strip. The interference fringes thus produced by homogeneous 
light show a shift where they pass over the strip freed from 
iodide, and from the magnitude of this shift the thickness of 
the original silver film can be very accurately determined. 

Conroy, with a film 845 tenth-meters thick, states: ‘The 
film appeared opaque by ordinary daylight, but when examined 
with sunlight was seen to be slightly transparent and of a 
deep blue color.”’ Doubie silvering gave a film 1737 tenth- 
meters thick. ‘This film was not absolutely opaque as the 
disk of the Sun on a clear day could be just seen through it, 
but it transmitted much less light than the film previously 
used.” 

The amount of light reflected from silver films has been 
determined by a number of investigators, though there is some 
difference in the results secured. As is well known, silver is 
more or less transparent to the ultra-violet rays, as may be 
illustrated by the following data as to the percentage of light 
reflected at perpendicular incidence, taken from Landolt und 
Bérnstein’s Physikalisch-Chemische Tabellen:- 


Wave lengths Per cent reflected 
\ 3050 9.1 
3160 1.2 
3260 14.6 
3380 55.5 
3570 74.5 
3850 81.4 
4200 86.6 
4500 90.5 
5000 91.3 
6000 92.6 
TOOO 94.6 
8000 96.3 


Langley found the following values: 


Wave lengths Per cent reflect 
\ 3500 61 
3800 7 
4000 7 
4500 RE 
5000 8 
5500 91 
6000 93 
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Much naturally depends upon the freshness and condition of 
the film. Schlesinger states that a good coat will reflect 
about 85 per cent of the incident light at 44860, and about 70 
per cent at \ 3934. 

The amount of reflectivity as depending upon the thickness 
of the film has never been adequately investigated, though 
much work has been done on the other optical constants 
of silver films of different thickness. 

Sir J. Conroy has made some related investigations on .this 
point.* He used Martin’s process for depositing the films. 
‘‘The room in which the silvering was carried on being very 
cold the action was slow, and till at least five minutes had 
elapsed there was hardly any deposit; the slips were removed 
successively after 8, 11, 14, and 18 minutes, well washed with 
water and placed on edge to dry.” By weighing the glasses 
with and without the films the thicknesses were calculated as 
follows:— 


Film [, removed after 8 minutes, thickness 404 tenth-meters 
oe Il, “ oe 11 Las ae 685 oe ae 
“ EET, sig sas 14 “ . Cx > ie - 
-¥ IV, “ se 18 . _ 900 ‘* = 


His results indicated that the optical constants of a polished 
silver plate depended to a certain extent upon the substance 
with which it had been polished, and that this surface condi- 
tion was a fairly permanent one, not being destroyed by con- 
tact with liquids or by a considerable amount of rubbing with 
a clean chamois leather. He found in particular that a film 
polished with rouge had a slightly reddish tinge; using putty 
powder instead, the principal azimuths of the reflected rays 
were considerably higher and differed but little for rcd, yellow, 
and blue light, whereas when polished with rouge these in- 
creased with the refrangibility of light. He found also that 
the principal incidence and principal azimuth both increase 
with the thickness of the film, and that therefore itseemed 
that more than one layer of molecules was concerned in 
the act of reflection. This would indicate that light polar- 
ized perpendicularly to the plane of incidence penetrates to a 
greater depth in the film than that polarized in the plane of 
incidence. 

The observations of Wiener and Drude show also that for 
thin films the optical constants are very different from those 





* Proceedings Royal Society, 31, 486, 1881. 
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of ‘‘massive”’ silver, for the refractive index of silver in very 
thin films (0.02 A = 120 + tenth-meters) is greater than unity, 
while itis less than unity for ‘‘massive’’ films, i. e. those nearly 
or entirely opaque (0.1 A 600 tenth-meters). 

As is well known, silver appears under a number of allotropic 
forms, three of which have long been recognized,—namely, 
crystalline silver (tree-formed crystals), ‘‘mirror”’ silver, and 
granular or powdered silver. In addition to this there are a 
number of other interesting allotropic modifications produced 
by special methods,—silver possessing the yellow color and 
luster of gold, another like copper, and others brown and 
green. These allotropic modifications possess the curious prop- 
erty that the powered moist mass may be spread upon‘a sur- 
face with a brush and when dry they possess the characteristic 
metallic reflecting power and are apparently as coherent and 
unbroken as a film deposited in the ordinary way. All these 
forms are somewhat unstable, and the gold-colored silver and 
the copper-colored variety soon change into ordinary mirror 
silver under the action of light or of a moderate degree of heat, 
I have had test films on beakers which were so golden in ap- 
pearance that it seems certain that a portion of the coat at 
least was the gold-colored allotropic variety. Considerable 
work has been done on these allotropic forms.* 

Oberbeck found that the electrical resistance of chemically 
deposited silver tilms decreased greatly with time, This change 
was quite rapid for the first few days, becoming slower later 
and was still decreasing slowly after 641 days, when the elec- 
trical resistance averaged only about 15 per cent of that of 
freshly deposited film. He used Béttger’s method, and it was 
his opinion that a considerable portion of the freshly deposited 
film was an allotropic modification of ordinary ‘‘mirror”’’ silver. 
Liidtke corroborated these results for mirrors silvered by the 
same process, and also for mirrors silvered by Drayton’s and 
Petitjean’s methods. Mirrors silvered by Liebig’s and Martin’s 
processes, however, showed no such decrease in resistance} with 
the time. All these investigators state that the outward ap- 
pearance of the mirrors remained the same, but it is unfortu- 
nate that none of them appear to have carried on tests of 





Vogel, Pogg Ann., 117, 316, 1862; Oberbeck, Wied. Ann., 46, 265; 47, 
353, 1892; Liidtke, Ueber die Eigenschaften verschiedener Silbermodificationen, 
Inauguraldissertation, Greifswald, 1893, and Wied. Ann., 50, 678, 1893; Carey 
Lea, Amer. Jour. of Science, 37, 476; 38, 47, 237, 1889, Phil. Mag., 31, 238, 
321, 497; 32, 337, 1891. 
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reflectivity at the same time with the electrical tests. The 
decrease was quickened by the direct action of sunlight just 
as in the experiments made with allotropic forms the change 
to ordinary mirror silver was similarly hastened. The sugges- 
tion has been made that the bleach seen ona mirror left too 


long in the silvering solution is the granular powdered form 
of silver. 





VAGARIES OF THE MOON. 


FREDERIC CAMPBELL, Sc, D. * 





The performances of the Moon are so peculiar that it almost 
seems like an anarchist among the heavenly bodies. Seemingly 
it bids defiance to alllaw. But a brief consideration will make 
clear that such is not the case. 

Once a month,—more strictly 2912 days,—the Moon encircles 
the sky, as does the Sun oncea year. Thus, as the Sun is high 
in summery and low in winter, so the-Moon is high at one time 
in the month and low two weeks later. 

The new Moon is always near the Sun; hence the two bodies 
are then high or low together. But the full Moon is always 
opposite the Sun; hence in summer the full Moon is low when 
the Sun is high; and in winter the full Moon is high when the 
Sun islow. Moreover, at the poles, as there is perpetual sun- 
shine for half the year, the Sun never setting, so there is per- 
petual moonshine for half a month, the Moon never setting. 
There also the Moon does not rise for half the month, as the 
Sun does not rise for half the year. 

Again, the orbit of the Moon, inclined to that of the Earth 
by an angle of five degrees, places the Moon above the plane of 
the ecliptic half the month, and below the same the other half. 
Hence the Moon is seen half the time farther north and half 
the time farther south than the ecliptic or path of the Sun, the 
limits being five degrees in either direction. Thus an avenue 
ten degrees wide encircles the heavens, capable of accomodat- 
ing twenty Moons marching abreast; the Moon perpetually 
swings from one border to the other of that avenue, while the 
Sun maintains a steady position in the exact middle. 
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While the Moon, therefore, is sometimes found just on the 
Sun’s track, it is merely crossing it in one direction or another, 
up or down, and those crossings are called the ascending and 
descending nodes. And twice each month the Moon is dis- 
covered five degrees distant from the Sun’s track, first north, 
then south. It follows that, at what we may call “lunar 
noon,’’ when the Moon is just south, it is sometimes five 
degrees higher than the Sun is ever found, and sometimes five 
degrees lower than the Sun is ever found. 

Now, while the Sun keeps the middle of this avenue,—known 
as “the zodiacal belt,’’-—the avenue itself swings north and 
south, so that in summer the Sun finds itself 23% degrees 
north of the celestial equator, and in winter 2312 degrees south 
of the same. This gives the Sun a great swing of 47 degrees 
while the Moon goes five degrees farther in either direction, or 
ten degrees total, which, added to the Sun’s 47 degrees, gives 
a grand total of variation of 57 degrees in the declination of 
the Moon. That is, at its extremes the Moon may be found 
now at 281% degrees north declination, and now 28% degrees 
south declination. And the distance between these two ex- 
tremes is nearly two thirds the stretch from horizon to zenith. 
Thus is explained the mysterious fact that the Moon is some- 
times so high and sometimes so low. : 

Several other interesting things are to be noted about the 
Moon every month. There are of course the phases, due to 
the fact that the Sun illumines only half the Moon, and that 
only a part of that half is usually turned toward us. Asa 
complete lunation is accomplished in 2912 days, and a month 
is usually a little more than that, we sometimes have five in- 
stead of four phases within the limits of a month. Thus in 
March of this year there were two new Moons, besides one 
each of first quarter, full Moon and last quarter. February 
usually crowds in the four, despite its brevity, but February, 
1866, passed without a full Moon, which Professor Lewis 
Swift affirms had not occurred before since creation, and will 
not again for 2,500,000 years. The watching of these chang- 
ing lunar phases from night to night, and even from hour to 
hour, is full of the deepest interest. Even the opera glass 
transforms the face of the Moon, while a telescope of moderate 
power and expense fairly transports the astonished beholder 
to another world. 

Beside its ascending and descending nodes, its farthest north 
and south, and its phases, each of which is met each month, 
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the Moon has also, within the same time limits, its points 
nearest to and farthest from the Earth. This is due to the 
elliptical form of its orbit, the Earth being not at the center 
but at one of the two foci. Perigee is nearest the Earth, where 
the Moon comes as close as less than 230,000 miles; apogee is 
farthest from the Earth, where the Moon is as distant as more 
than 251,000 miles. The eye is able to detect the apparent 
change in size owing to this difference of more than 30,000 
miles; and this it is which determines the length, darkness and 
satisfactory character of total solar eclipses. Sometimes the 
Moon is too small to cover the Sun’s face; then a ring of light 
surrounds the Moon’s black disc, and the eclipse is called 
“annular,” from Latin, annulus, a ring. 

There are also each month the east and west librations of 
the Moon, whereby it seems so to swing as to enable us to see 
a total of four sevenths of the Moon’s surface at different 
times. While the Moon’s rate of rotation is uniform, its ellip- 
tical orbit affords us varying points of view, which chiefly 
accounts for librations. But there are three sevenths of that 
nearest and most charming orb, which no eye but that of the 
Creator has ever looked upon. While we wonder what the 
other side is like,—‘‘so near and yet so far,’—we may well be 
thankful that our night is illumined and graced by an effulgence 
so constituted, so placed and so ruled, that, in the fullest sense, 
we are entitled to call it divine. 





A REVIEW OF SOME THEORIES ADVANCED 
IN EXPLANATION OF THE 656 CEPHEI 
TYPE OF VARIABLE. 





PSYCHE REBECCA SUTTON. 





The 8 Cephei type of variable presents one of the most inter- 
esting problems of modern astronomy, since thus far no entirely 
satisfactory explanation of the cause of this kind of light vari- 
ation has been offered. In this class of variable stars are in- 
cluded those short-period variables whose light change is con- 
tinuous and whose period from minimum light to maximum is 
about one-half that from maximum to minimum; that is the 
ascent to maximum occupies in general about one-third the 
entire period. The chief characteristics of the stars of this 
class are: 
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1. Light variation is continuous. 

2. Amount of light variation is about one magnitude. 

3. Periods of light variation are short. 

4. Light curves are symmetrical, with a tendency to halt 


in the descent. 

5. Spectral type is approximately solar. 

6. Those that have been studied spectroscopically have 
been found to be binaries showing only one bright 
component and revolving in the period of light change. 
The orbits of revolution are small. 

7. Light and velocity curves of stars correspond closely in 
phase, shape and period. 

8. These variables are not eclipsing pairs; their orbits may 
have any inclination to the visual plane. 

9. There isa shifting of the point of maximum energy in 
the spectrum accompanying the light change and also 
variations in the position of the spectral lines not 
due to orbital motion. 

Investigations of stars of this type have been carried out 
thoroughly, especially during the past few years, and several 
theories have been advanced in explanation of their variation. 
The largest amount of work on this subject has been done at 
the Lick Observatory and the results have been published in 
various numbers of the Lick Observatory Bulletins. The sole 
purpose of this paper is to collect and present, in as general 
form as possible, the different theories that have been offered in 
explanation of this kind of light change, since the problem has 
appealed to the writer as one of quite popular astronomical 
interest. 

A. W. Roberts of South Africa was amon;; the first to advance 
any theory explaining the 6Cepheitype of variation. He be- 
lieves that all short period variation is undoubtedly due to 
orbital movement and that variation of the 6 Cephei type may 
be due to the change in temperature of the fainter component 
as it receives heat from the primary body while passing from 
apastron to periastron. This change in temperature would 
raise the fainter component to a brilliancy nearly equal to 
that of the brighter. However if this theory were correct, we 
should get a double spectrum after periastron and observations 
have not shown this to be true. Also, binary stars like a Cen- 
tauri should show some variation after a time. 

L. A. Eddie of Cape Colony rejects Roberts’ theory and ad- 
rances one of tidal effect. He thinks that possibly tidal dis- 
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turbances and bodily tides in the brighter member, excited 
upon its closer approach to the ruling dark body at and near 
periastron, might explain the star’s rapid rise to brilliancy. 
This tidal disturbance would not attain its maximum effect 
until'some time after periastron. Eddie thinks that the great 
eccentricity of the orbit of 8Cephei may also be due to the 
effect of tidal friction. Miss Clerke thinks this theory of tidal 
effect more plausible than that of Roberts, but on the other 
hand she remarks that commotions of requisite violence could 
not subside with perfect regularity every five days, and would 
inevitably be accompanied by gaseous outbursts that would be 
spectroscopically evident,—and these do not occur. Moreover 
because of our ignorance of the scale of these star-systems we 
are unable to estimate the power of tidal influences over their 
members. Meyermann, in a discussion of Eddie’s hypothesis, 
says that it brings up the question of how great the masses of 
the stars must be in order that the change in the rate of motion 
may be proportional to the amount of energy of the system 
used up each time. The change in the period due toa change 
in the rate of motion remains so small that the observations 
thus far have not detected it. Meyermann quotes a computa- 
tion by Darwin which shows that the masses must be 2.2 
times that of the Sun for a parallax of 0”.1 and 173 times 
for a parallax of 0’.01 in order that the change of period on 
account of rotation should not amount tomore than .00000002 
of a day. Meyermann thinks Eddie’s theory acceptable from 
‘this point of view solong as the distance of the stars is not 
too great. 

Dr. Campbell of Lick rather favored the theory of tidal dis- 
turbances, acting in an atmosphere surrounding the brighter 
component, and due to the gravitational effect of the darker. 
Meyermann’s own theory is very much like this. However Dr. 
J. C. Duncan rejects this explanation,—first, because no general 
relation between the times of periastron passage and of great- 
est brilliancy has been found; (this theory was probably worked 
out in connection with observations of 8 Cephei only: in which 
case this relation exists, but the theory loses its value because 
the relation does not hold with stars of this type generally); 
second, because this theory does not explain the relation be- 
tween maximum light and maximum velocity of approach; 
third, because no increase in range of brightness for stars whose 
orbits are more eccentric has been found. Though Dr. Duncan 
objects to making tidal action the chief basis for explaining 
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these light variations, he admits that probably this action has 
a deep influence on the behavior of the system. 

Dr. R. H. Curtiss from his work on W Sagittarii decides that 
that star’s variations are undoubtedly due to external causes. 

He advances the theory that the light and velocity curves of 
this star can be explained on the assumption that the system 
is pervaded by a resisting medium which enhances the bright- 
ness of that side of the star which faces the direction of motion. 
Professor Loud of Colorado College has elaborated Curtiss’ 
theory as follows: The stars of this class are of advanced 
development, and at the same time binaries of short period in 
which one component only is luminous. According to this 
hypothesis this component owes its light to the resistance of a 
diffused medium to which the other is relatively at rest. The 
visible star then is the satellite and it is at such a short distance 
from its companion that the tides tend to impose on it a rota- 
tion of equal rate with its revolution. The orbital movement 
in parting with its energy is drawn into a narrower compass 
and is thus accelerated in speed. The tidal action tends to re. 
store the equality of the periods, with the result that the rota- 
tion is always just a little slower than the revolution. There- 
fore the heated area of the satellite is of an unsymmetrical 
form. The point of greatest heating moves slowly around the 
equator, always entering upon comparatively cool regions and 
drawing behind it glowing regions so that, as the revolutions 
bring these successively into the line of sight, we have first a 
sudden rise of brightness, then after maximum a long and grad- 
ual decline. The degree of cohesion in the surface implied in 
this account might be too great for a star of Sirian tenuity, 
but not for the class of bodies considered here. Loud explains 
the secondary fluctuations of brightness so common to the 
light curve of these stars as due to 

a) An elliptical orbit, such that the epoch of periastron 
must be marked by more heat due to greater velocity of motion. 

b) An orbital eccentricity, which occasions a libration to 
modify the lag of rotation. 

c) The fact that the resisting particles may have an un- 
equal distribution or an independent action. 

Dr. Sehastian Albrecht’s discovery that the maximum of 
these stars shows a special accentuation of the light of short 
wave-length accords with this hypothesis. Its principal foun- 
dation, however rests on its explanation of the synchronism 
of maximum light and minimum positive velocity. The only 
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objection that Loud finds for his theory is the fact that in the 
Cepheid variables, generally, the light maximum occurs a little 
after or exactly with it, as the theory would lead us to expect. 
Loud explains this by supposing that the meteoric bombard- 
ment induces in some cases not only an increase of light, but 
an increase of absorption, so that wedo not at once get the 
full effect of the maximum light. 

Duncan by a mathematical process reaches the conclusion 
that in order that Loud’s theory may be true, one of the follow- 
ing conditions must hold; either 

1. The diameter of 6 Cephei must be much greater than that 
of the Sun, or 

2. Its density must be several times that of the Sun, or 

3. Either temperature or its intrinsic radiating power must 
be much lower. 

The first cannot be true, because of the small size of the orbit 
of 8 Cephei. Concerning the second and third we have no data, 
but we should expect that a star whose spectrum so nearly 
coincides with that of the Sun should have a density, tempera- 
ture and intrinsic radiating power approximately equal to that 
of the Sun. 

Under the theory of a resisting medium Dr. Duncan thinks 
that the variation in light might be due to a change in the 
rate of light emission as the star moves at different times with 
different speeds through parts of the medium of different densi- 
ties. But he rejects this theory as being improbable, because, 
in order that the actual emission of light may vary the star 
will have to cool perceptibly during the few days which elapse 
between successive passages through those parts of the orbit 
where the bombardment is most fierce; hence the disturbance 
must necessarily take place only in the outer and rarer parts 
‘of the star’s atmosphere. But this fact is contradicted by the 
fact that there isno greater range of light variation in stars 
having highly eccentric orbits, andin general there is no marked 
outburst of light when the star is near periastron. 

Dr. Albrecht thinks that the very close agreement between 
the light and velocity curves in regard to period and shape, and 
the agreement between the times of maximum brightness and 
greatest velocity of approach would indicate that the light 
variation is not so much dependent on the position of the 
brighter component of the system in its orbit as upon the 
direction from which the star is observed. This would ascribe 
less direct influence to the darker companion in the matter of 
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liberating an unusual amount of energy in a certain part of the 
orbit, most likely a small fraction of the period after perias- 
tron passage. 

Dr. Duncan advances the theory that the change in brilliancy 
of stars of the 8Cephei type may be due to a variation in 
absorption, since the character of the spectrum indicates the 
presence of an absorbing envelope about the luminous body of 
the star. He finds from the similarity of the light and velocity 
curves of these stars that the logarithm of the light is propor- 
tional tothe radial velocity. For an absorbing medium of 
uniform density the logarithm of the light varies as the thick- 
ness, hence the star’s light variation may be explained by as- 
suming an absorbing atmosphere whose depth on the side 
toward the observer is, within appropriate limits, inversely 
proportional to the component of the velocity in that direction. 
He supposes that a very rare envelope of nebulous matter 
(Duncan thinks the Sun’s corona may be such an envelope, 
and therefore this may be common to stars of the solar 
type) surrounds the darker star of the pair and that the 
atmosphere of the brighter component is brushed backward by 
the friction of this medium so that its depth on the advancing 
side is less than on the following. The maximum light would 
always occur near the time of minimum positive velocity and 
minimum light near the time of maximum positive velocity. 
That exact synchronism does not exist will be due to the facts 
that the resistance varies inversely as the velocity raised to a 
power higher than the first, and that the orbit is eccentric. 
The range of light variation will depend on two factors—the 
specific absorbing power of the bright star’s atmosphere and 
the ratio of that atmosphere on the front and rear sides of the 
star. This will depend on two factors also—the relative densi- 
ties of the atmosphere and the nebulous envelope through 
which it is dragged, and the speed of the star. The atmosphere 
of the Sun according to Langley absorbs from one-half to four- 
fifths of the light passing normally through it—absorption 
being greatest in the blue end of the spectrum. If the atmos- 
phere on the following side of the star absorb three-fourths of 
the incident light, it need be only twice as deep as that on the 
preceding side to produce a variation of .8 magnitude. This 
hypothesis of absorption is supported by Dr. Albrecht’s discovery 
of the shifting of the point of maximum energy in the spec- 
trum as the star approached maximum or minimum. Dr. 
Duncan thinks that, if the nebulous envelope, supposed to exist 
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about the darker star, is like the Sun’s corona, we may expect 
the form of the light curve to vary slightly in a period of sev- 
eral vears, since the form of the corona, and hence the relative 
density of its different parts, vary in a similar period. This 
may be the cause of the variation in W Sagittarii noted by 
Dr. Curtiss. 

Dr. Moulton of Chicago University advances the theory that 
this class of variables may owe their light change at least 
partially to oscillations. By an oscillation Dr. Moulton means 
an alternate expansion and contraction of the body which 
would tend to change either the shape or size of the body or 
both. These oscillations might be caused, in the case of a 
binary system having an eccentric orbit, by the periodically 
changing disturbance of one star by the other. In the case of 
the Sun Dr. Moulton finds that these oscillations undoubtedly 
exist. Consequently he thinks that if oscillations of sufficient 
magnitude are admitted all the phenomena of the Cepheid 
rariables could be explained satisfactorily. For a star of the 
mass and density of the Sun, an oscillation defined by the 
second order harmonic amounting to one-fiftieth its radius 
would account for all the light changes in these stars. How- 
ever the periods of variability demand very low densities, yet 
greater than the light variation on the eclipse theory. Dr. 
Moulton concludes therefore that oscillations are very probably 
not the entire cause of variations in close binary systems, but 
may be sensible factors in the light-variations. 

As far as the writer knows the most recent theories that have 
been advanced in explanation of the Cepheid variables have 
been presented here. No one of these has been accepted as ex- 
plaining entirely this type of light variation, though each theory 
has contributed certain points that seem to have great merit. 
The question, however, is still an open one and one that will 
probably furnish material for interesting investigation for 
many years. 
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THE MYSTERY OF THE ZODIACAL LIGHT. 


B. G. HARRISON, F.R.A.S 


It certainly seems somewhat remarkable that the nature of 
the Zodiacal Light should still be an unsettled question, and 
that very little information of either an observational or the- 
oretical character can be ‘obtained from most astronomical 
text books. Its mysterious beauty and elusive character are 
sufiicient to arouse the curiosity of even those for whom the 
study of the heavens posesses no special interest, while the 
fact that it is still one of the least understocd features of the 
solar system should render it worthy of more attention from 
astronomers in general than it usually receives. Moreover 
since every member of the Sun’s retinue must react either direct- 
ly or indirectly upon each other, the Zodiacal Light may have 
an important bearing on the general scheme of our systém, 
and for this reason alone the causes of its appearance merit 
the closest study. 

Although it is unnecessary to consider all the theories that 
have been advanced to account for it, it may be advisable to 
briefly examine some of the principal suggestions, since al- 
though several of these have been discarded as untenable by 
the majority of scientists, they are still sometimes referred to 
as possible explanations of the phenomenon. 

It is well known that this light has the appearance of a cone, 
or rather conoid, the axis of which being almost, coincident 
with the plane of the ecliptie, causes its visibility especially 
in temperate zones, to vary according to the season at which 
itis observed. Thus it is naturally most conspicuous in north- 
ern latitudes shortly after sunset about the time of the vernal 
equinox or before sunrise at the corresponding autumnal epoch, 
as it appears at these periods ina more upright position with 
regard to the horizon'than during any other portions of the 
year. This regular seasonal variation in its horizontal obliq- 
uity alone renders it most improbable that the gleam could be 
caused by any magnetic illumination of the upper atmosphere 
such as takes place during auroral displays; but the fact that 
it shows no parallactic displacement entirely negatives this 
supposition. To overcome the objection that the light appears 
in the same position when viewed simultaneously from diflerent 
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latitudes, it has been suggested that the glow is caused by a 
ring of meteorites, situated at a minimum distance of some 
200,000 miles, and revolving about the Earth near the plane 
of the ecliptic. Now if this were really the case we should 
expect besides the customary luminosity in the west, (or east), 
an increasing brilliancy towards the south and east (or west), 
since in this direction the meteorites would reflect a greater 
proportion of the solar rays; we could even trace the course 
of the Sun below the horizon by the fluctuating radiance of 
this meteoric ring at different hours of the night. In reality 
although, according to some observers, the Zodiacal Light 
appears to extend occasionally as a complete arch across the 
heavens, it is never brighter at the zenith than at that point 
of the horizon nearest to the Sun, so that unless we assume 
that the cone of the Earth’s shadow coincides with the orbit 
of the meteorites, it is impossible to harmonize this theory 
with observed facts. Even then the light would increase in 
intensity as far as the penumbra instead of decreasing as it 
actually does. Moreover at this distance the angle which the 
terrestrial shadow subtends would be totally inadequate to 
eclipse the necessary portion of the meteoric orbit, and as the 
absence of any parallactic displacement prohibits the assump- 
tion that the orbit could lie relatively near the Earth, we are 
obliged to discard this suggestion of the presence of a terrestrial 
ring system. There is only one other explanation worthy of 
consideration that could account for the Zodiacal Light as an 
appendage of the Earth, namely the theory that our globe has 
a comet-like tail caused by the radio-activity of the Sun. This 
is doubtless a very fascinating idea, and it certainly does not 
seem altogether impossible that the inner planets should nave a 
very attenuated tail of this description, as although nothing of 
the kind has ever been noticed with Mercury or Venus, this might 
quite well be because it was too faint for detection. Neverthe- 
less it scarcely appears a more practicable method of account- 
ing for this mysterious light than either of the preceding sug- 
gestions, since arguing from cometary analcgy, if there were a 
terrestrial appendage of this sort we should naturally expect 
it to always point away from the Sun. This would cause the 
former to rise at sunset instead of setting shortly after the 
Sun as actually happens. It seems therefore quite impossible 
to account for this light by the assumption that it is under 
the control of the Earth, and we are forced to conclude that it 
must in some way be an appendage of the Sun. 
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There is no question that the solar system is teeming with 
meteors; indeed if the amount that the Earth encounters in its 
annual journey can be taken as any criterion of their average 
distribution, there must be millions of different swarms revolv- 
ing round the Sun in elliptical orbits of varying eccentricity 
and inclination. Under certain conditions it might be possible 
to explain the appearance of the Zodiacal Light in this manner, 
although in any case the supposition is far from satisfactory. 

There are of course three different positions for a meteoric 
orbit in the plane of the ecliptic to occupy with regard to the 
Earth’s path viz:— 


(1) An orbit lying entirely within that of the Earth 
a - oe 7 without that of the Earth 
(3) “™ ‘having its perihelion inside and its aphelion 


outside the Earth’s path. 

In the first instance we cannot account for the variations in 
the intensity of the light by assuming an unequal distribution 
of meteorites around their orbit, or a path of considerable 
eccentricity, since this would involve regu/ar tluctuations in 
size and brilliancy, which is not in accordance with observa- 
tion. In any case an orbit lying within that of the Earth would 
probably from its very shortness, cause the components of the 
swarm to be scattered fairly equally at every point, since the 
variations in the mean distance of each individua! of the group 
from the center of attraction would entail a corresponding 
variation in their respective velocities. As their periods of 
revolution would be relatively short this scattering process 
would be quickly effected, resulting in a fairly uniform ring. 
Besides which it would be impossible for the light of a ring, 
lying entirely within the terrestrial path, to ever extend to the 
meridian after sunset and it is therefore obvious that no orbit 
in this portion would fulfil the necessary requirements. Nor 
is it of any use to consider one of the second type, for with 
an orbit lying completely outside our own we are contronted 
with the same difficulty that we have to contend with on the 
supposition that the meteorites are revolving round the Earth, 
namely that its brightness would increase in the wrong direc- 
tion i.e. away from, instead of towards the Sun. 

The third case seems to be the only theory which is at all 
possible to harmonize with observation. It is true that in an 
orbit of comparatively small eccentricity, having its aphelion 
point outside that of the Earth, there would be the same ob- 
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jection as in the previous instance, for at one period of the year 
illumination in the wrong direction would occur. It would be 
possible, however, to partly overcome this difficulty by sup- 
posing that the orbit was one of such eccentricity (Fig. 1) that 
its aphelion point lay beyond the limits of visibility. 


the year an extension to the meridian, but 
there would be cther regular intervals when 
no such appearance would occur. To obviate 
this it seems almost necessary to imagine 
another similar orbit having its aphelion op- 
posite that of the first. Even then there would 
be certain seasons, i.e. when the Earth was 
on those portions of its path close to its 
; points of intersection with the meteoric orbits, 
ig during which this theory would seem to be in- 





c 
i consistent’ with observation. Moreover we 
\ i should be obliged to assume that both these 
X i orbits coincide with the plane of the ecliptic, as 
Suet” otherwise we should sometimes see two cones 
Fic. 1 


ah Oehis of Mecth. of light rising from the horizon, one consider- 
BB Orbit of Meteo-ably fainter than the other. We should also 
cc a Sunta have to suppose that the streams were formed 

of Meteorites. Of such minute particles that when the 
Earth crossed their paths the fact wonld be unnoticeable. 
However Jf we grant all these exceedingly improhable condi- 
tions it might enable us tc count for most of the observed 
phenomena, especially if we imagine an unequal distribution 
of matter over these orbits to account for the irregular fluctu- 
ations in the intensity of the light. At the same time it is more 
than difficult to believe that a theory based on so many unlikely 
suppositions can be the correct one, and as it seems impossible 
to devise any other system of meteoric orbits without even 
greater disadvantages, it is very necessary to evolve some 
other hypothesis to meet the case. That the light must be 
reflected from concrete particles rather than froni a gas is evi- 
dent, since it gives a continuous spectrum, and it appears to 
the writer that the most satisfactory, and indeed the only 
possible theory, must be based on the repulsive action of light 


or electricity. Since light pressure only acts on the surface of 


any sphere, while gravitation affects the entire mass, it is not 
hard to imagine particles of cosmic dust so small that this 
pressure is greater than the opposing attractive force. There 


We might thus perceive at fixed periods of 
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appears therefore to be no valid reason why the Sun should 
not be expelling these minute particles continuously, and thus 
surrounding itself with a semi-transparent cloud. This nebu- 
losity might extend some distance beyond the Earth’s orbit, 
and could scarcely have any definite boundary. There is no 
doubt that solar energy is intimately connected with the 
variations inappearance of the corona, as this latter seems to 
reach its maximum when sun spots are at a minimum and 
vice versa. Although the forces might not be exactly similar 
with regard to the Zodiacal Light, it is most probable that the 
amount of cosmic dust would alter according to the fluctuating 
energies of the Sun. In this way we could account for the 
variations in intensity of the Zodiacal Light and also its 
occasional extensions in a more natural manner than by 
supposing this to be caused by an intricate distribution of 
matter round a complicated series of meteoric orbits. 

The restriction of the solar zones in which sun spots occur 
implies that the energy of the Sun is principally confined to 
these regions, and it therefore seems likely that if it is sur- 
rounded by a ‘dust cloud’ of this description, this cloud should 
be in the form of a very oblate spheroid rather than an actual 
sphere, having its major axis but little inclined to the plane of 
the ecliptic. This would cause the Zodiacal Light to appear 
as the segment of an ellipsoid rather than of a circle. This 
oblate effect would also be increased by absorption towards 
the horizon (Fig. 2) as the increasing density of our atmos- 
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FIGURE 2 


HH Horizon. 

PP Theoretical course of equal luminosity. 

P’P’ Limit of visibility of light 

S Position of Sun. 
phere in this direction would cause an encroachment on the 
edges of the light. As we should be actually in this cloud it 
would partly explain the sense of propinquity which its ap- 
pearance gives us, and which has so often led to the theory 
that it is a terrestrial appendage. 
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It may be urged that the amount of matter necessary to 
produce any visible effect would be so great as to pre- 
clude any possibility of this being the correct explanation 
of the Zodiacal Light, since otherwise the Sun’s mass would 
be diminishing appreciably. It is almost impossible however 
to realize how little matter appears to be actually required, 
if properly diffused, to reflect sufficient light to be distinguish- 
able from the dark background of the sky. Cometary tails are 
a forcible example of this, and although they appear as opaque 
veils projected on the heavens, their actual tenuity is shown 
when they pass in front of evena faint star, by their inability 
to absorb an appreciable quantity of its light. 

The solar corona seems to be even more diffuse, since some of 
these almost imponderable comets appear to pass through it 
without visible retardation, and the most perfect terrestrial 
racuum must be immensely dense by contrast. If then the 
corona is formed of matter in such an attenuated condition, 
the diffusion,of the particles forming the Zodiacal Light under 
the present hypothesis must be infinitely less, when we consider 
the difference in brilliancy between the two objects, and the 
diversity of their volumes. Inconceivably rarefied though this 
medium must be, it may not be altogether inadequate to pro- 
duce the observed degree of illumination. According to Pro- 
fessor Young the light of the corona might be produced by one 
solitary molecule in each cubic inch of space, while ft is con- 
sidered that an equal volume of our atmosphere at the sea 
level contains from 200 to 2Q,000 trillion molecules! If these 
estimates merit any degree of acceptance, the difficulty con- 
cerning the quantity of matter expelled from the Sun may not 
be a very serious objection to the theory, more especially as it 
appears likely that a considerable proportion of the particles 
may increase their masses sufficiently by aggregation to enable 
the Sun to eventually draw them back by the force of gravity. 
Whether the elliptical patch of light, occasionally seen exactly 
opposite the position occupied by the Sun, and known as the 
gegenschein, is actuallf? connected with the Zodiacal Light, 
seems at present impossible to decide. Perhaps the former phe- 
nomenon may be caused by the hypothetical terrestrial ‘tail’, 
to which the appearance of the latter has been sometimes at- 
tributed, since if the Earth has a very faint electrical appendage 
it might present just such an appearance as is shown by the 
gegenschein. At the same time the similarity of this object 
with the Zodiacal Light seems to imply a common cause for 
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both. Moreover it would be quite possible to account for the 
‘Afterglow’ by the theory of dust expulsion just enunciated, 
as if the solar cloud extended any appreciable distance beyond 
our orbit we might reasonably expect to sometimes see a faint 
light in that part of the sky opposite the Sun, for although in 
this direction we should look through the thinnest part of the 
cloud, the individual dust particles would be situated in the 
most favorable position for reflecting light towards the Earth. 

Unfortunately the appearance of the Zodiacal Light has been 
very insufficiently observed, although as telescopic work is use- 
less in this instance it dispenses with the need for a well 
equipped observatory; and amateurs have the same opportu- 
nities of doing really useful work in this direction as profes- 
sional astronomers. Yet a certain number of the former class 
are rather inclined to despise naked eye observations and spend 
most of their time endeavoring to see with a three or four-inch 
telescope objects which one of a slightly larger aperture would 
show without any difficulty. This is quite natural for those 
who regard astronomy simply as an amusement for their 
leisure hours, but is usually of a very little scientific value. It is 
true that the visibility of the Zodiacal Light is confined to 
country districts where there is an absence of artificial glare, 
but this is not by any means an insuperable difficulty to many 
astronomers, and a series of careful observations on the inten- 
sity of the Zodiacal Light, the inclination of its axis, (which 
appears to be subject to slight variation) and the amount of 
its extension towards the zenith would be of the utmost value 
in helping to confirm or disprove this theory. 

As it seems quite possible that the fundamental problems of 
astronomy, such as the question of a resisting medium in space, 
the retransformation of heat and light into potential energy, 
and indeed the whole course of cosmical evolution, may be 
closely connected with this phenomenon, the importance of a 
correct explanation of the Zodiacal light can scarcely be 
overrated. 

Royal Societies Club, 
“St James St., London. 
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PROFESSOR E. W. BROWN’S VERIFICATION 
OF THE CAPTURE OF SATELLITES. 





J. J. 6BE 





In the Monthly Notices of the Réyal Astronomical Society 
for March 1911, Professor E. W. Brown, of Yale University, 
has an important paper ‘On a New Family of Periodic Orbits 
in the Problem of Three Bodies.”’ It includes an independent 
confirmation of the capture of satellites from among the 
asteroids transferred from beyond Jupiter’s orbit to the region 
of the asteroid belt within, and is therefore important for 
our newer theories of cosmogony. We shall here give an 
outline of Professor Brown’s line of argument. 





Fic. 1. Curves of Zero Velocity (Darwin). This diagram illustrates the 
hour-glass shaped space through which the particle may move and drop down 
nearer the Sun or planet, till it becomes captured by one of the larger bodies. 


He remarks that in the so-called Trojan group,—Hector, 
Achilles, Patroclus; and another as yet uvnnamed,—there are 
four known asteroids which appear to oscillate about one or 
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other of the vertices of the two equilateral triangles which 
have the line joining Jupiter and the Sun as a base. In these 
vertices asteroids of small mass would revglve in relative equi- 
librium, according to the particular solution of the problem of 
three bodies, discovered by Lagrange in the latter part of the 
18th century; but Linders has remarked (Arkiv for Mat., Ast. 
Och. Fys., So, Vet. Ak. Stockholm, Bd.4 no. 20), that the 
heliocentric radius vector of one of these asteroids can appar- 
ently oscillate as far as 17° away from its equilibrium posi- 
tion. Brown proceeds to inquire whether oscillations of this 
kind of still greater extent are possible, and if so, in what 
manner the orbits may be most conveniently obtained. He 
adopts for this inquiry the method of the problem of three 
bodies, with rotating axes, as treated by Darwin (Acta Math- 
ematica, Vol XXI, p. 103), which was made the basis also 
of my researches on the capture of satellites a little over two 
years ago, (cf. Researches on the Evolution of the Stellar 
Systems. Vol. II, 1910). 

It is not permissible in this notice to go into the mathemat- 
ical details of the reasoning, but it suffices to say that Brown 
considers the stability of asteroids oscillating around the 
triangular points, and by certain criteria finds that the orbits 
about these triangular points are characterized by small velo- 
city, and that any orbit cannot depart much from its zero 
velocity curve, and can only cross those members of the family 
22 —C’=0 for which C’ > C. In other words, orbits near 
the zero velocity curves are essentially stable, when the aster- 
oid is of small mass. 

Professor Brown gives elaborate diagrams of the zero velocity 
curves for the region of Jupiter’s orbit, with the constant of 
the Jacobian integral ranging from C=3.00286 to C=3.042€0, 
corresponding respectively to the triangular points and the 
critical value where the Hill surface about Jupiter becomes 
closed. These curves were calculated and drawn by Professor 
Brown’s assistant, Mr. H. B. Hedrick, formerly of the Nautical 
Almanac Office; and are of course similar to the curves given 
by Darwin in his celebrated memoir on Periodic Orbits (Acta 
Mathematica, Vol. X XI), except that in the present work of 
Hedrick the curves are traced more in detail, and the transition 
points brought out more clearly. 

Professor Brown investigated the stability of the orbits near 
these surfaces with considerable detail, adopting the method of 
Hough (Acta Mathematica. Vol. XXIV, p. 260), and shows 
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that when the orbit passes through the equilibrium point, in 
opposition to Jupiter, there are two orbits, the ends of which 
closely approach the point, but the portions of these orbits in 
the neighborhood of the equilibrium point correspond to the 
unstable solutions which are obtained when we form the equa- 
tions for small oscillations about the position of equilibrium. 
The equations of the orbits are found, and the directions of 
motion are shown to agree with those in the orbits; and it is 
proved that there is no discontinuity in the family of orbits 
while C passes through the critical value 3.04260. The values 
from C = 3.04132 to C = 3.04260 for the Jacobian integral 
give the zero velocity curves passing through the equilibrium 
points in the neighborhood of Jupiter, the opposition point 
being the one of widest range, and through which the periodic 
orbits will pass. Brown shows that the orbits for values of C 
well beyond C = 3.04260 ‘‘consist (1) of an inner planetary 
orbit making complete revolutions round the Sun in the posi- 
tive sense: (2) of an outer planetary orbit making complete 
revolutions round the Sun in the negative sense relative to the 
moving axes; (3) of a satellite revolving round Jupiter in the 
positive sense.”’ In other words an asteroid passing through 
these equilibrium points with suitable velocity corresponding 
to the critical value of C, may pass under the control of Jupiter 
and become a satellite of that planet, as I pointed out in 1909 
(A. N. 4341-42). And if the constant and velocity differ from 
the critical value by a small amount, changes due to the action 
of a resisting medium or the disturbauce of a fourth body may 
give the critical values, and enable the asteroid to be captured 
and become a satellite. 

Professor Brown concludes his paper with the following 
summary of the results as applied to the planetary system. 

“Starting from infinitely small orbits round the triangular 
points, which expand mainly along the circle r=1 until they 
join to form horse-shoe orbits, the series progresses by the 
the opposite ends of the horse-shoe joining, so that the orbits 
separate into an outer planetary orbit and an inner hour-glass 
orbit, the latter afterwards separating inte an inner planetary 
orbit and a satellite orbit. The final stage as C approaches 
infinity is an orbit of infinite radius and orbits of zero radius 
round the Sun and Jupiter. 

‘‘The classification of the family according to values of C is 
not, however, one which is natural in the consideration of the 
arrangement of the solar system. If we regard the orbits from 
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the point of view of the mean distance from the Sun, they 
show a mode of transition, perhaps the most probable, for 
bodies moving in orbits superior to the planet to bodies in 
orbits inferior to the planet. It is seen that there are four 
possibilities. The superior planet may become an inferior 
planet, a satellite of Jupiter, or a planet oscillating about 
either of the two triangular equilibrium points, without any 
break in the continuity of the orbits.” 

This demonstration of the possibility of the capture of sat- 
ellites confirms my conclusion of 1908 by a very elaborate and 
critical inquiry, and it is impossible to overrate the significance 
of the results for thecosmogony of both the asteroids and the 
satellites. The transference of the asteroids within Jupiter’s 
orbit by the perturbative action of that planet was concluded 
by H. A. Newton as far back as 1894, and Callandreau after- 
wards elaborated the theory of the capture and disintegration 
of comets. 

Professor Brown’s recent address to the American Associa- 
tion for the Advancement of Science (published in Science for 
Jan. 20, 1911, p. 93). contained his first announcement that 
the Trojan group of asteroids “appear to show one, perhaps 


= 


the main, stage of transition from bodies superior to the orbit 
of Jupiter to those inferior to that planet and possibly to those 
which have become his satellites. Their separate paths of 
motion are interesting to the mathematician, but even more 
so to the astronomer, since they appear to indicate a new set 
of periodic orbits in the problem of three bodies. The remark- 
able series of families of such orbits obtained by Sir George 
Darwin has shown how far such an investigation may 
RO pee ee ener ‘“‘Theories as to the mode of formation of 
our solar system will, I believe, receive some assistance from 
these orbits of transition.”’ 
U. S. Naval Observatory, 
Mare Island, California. June 6, 1911. 
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THE CREATION STORY IN THE LIGHT OF 
MODERN ASTRONOMY. 





HECTOR MACPHERSON JR. 





In a previous article in POPULAR ASTRONOMY (Aug-Sept. 1909) 
the present writer sketched. briefly the various theories of 
astronomers and philosophers concerning the origin and devel- 
opment of our world, the solar system and the universe of 
stars. In this article a comparison will be made of the nebular 
theory with a pre-scientific effort to solve the problem. 

Inthe middle ages, thanks to a complete misinterpretation 
of the creation story in Genesis, the problem of the origin of 
the Universe did not occupy the human mind. For during that 
period and far into the last two centuries, the theory of crea- 
tion by manufacture held sway. For many centuries both men 
of science and men of religion literally accepted the first chapter 
of Genesis. The six ‘‘days’’ of creation were believed to be 
periods of twenty-four hours in length similar to our terres- 
trial day; the Supreme Being was regarded as a glorified man 
who worked everywhere by human methods and worked at his 
creations just as a terrestrial workman did. When a man 
like Laplace or Herschel ventured to outline a theory of evo- 
lution he was put down as an atheist, a sceptic who doubted 
“the Word of God,” and not only men of religion but orthodox 
men of science were bitter in their attacks. A scientist so able 
as Sir David Brewster condemned the nebular hypothesis as 
hostile to ‘‘both reason and revelation;”’ while to the clergy 
the bare suggestion that God’s ways were other than man’s 
ways, that the Earth was created in millions of years and not 
in six days was enough to brand the authors of such hypoth- 
eses as heretics and infidels. 

Seventy vears have passed away and a great change has 
come overcurrent thought. In the first place it is realized on 
all hands that evolution does not explain the origin of the 
Universe. It is merely the method of the development of Sun, 
Moon and stars. Secondly the nebular theory has passed 
from the region of theory into that of established fact. That 
is to say, we are almost as certain that our solar system has 
evolved from a diffused mass of some kind or another as we 
are of any other fact in astronomy. Thirdly, evolution has 
been shown to be a cosmic process and the Darwinian the- 
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ory has applied it to the Earth and to living organisms. It 
has been shown in fact to be the method of creation. The old 
theory regarded the Earth and the heavens as finished for 
altogether in six literal days. The new theory regards the 
evolution of the Universe as constantly proceeding, old forms 
as continually passing into new, from age to age and eternity 
to eternity. While the old theory—in all reverence, be it said— 
regarded God as a Creator who had finished his work and 
who was resting after setting the machine in motion, the new 
theory looks on God as an ever-present ever-working Creator 
who is eternally at work throughout the Universe—‘‘an Infinite 
and Eternal Energy.” 

A great change has since come over the religious world. The 
higher criticism has,in the hands of advanced scholars and 
theorists, made shipwreck of the old theory. Many of the 
religious thinkers of the old school, so far from attacking the 
evolution theory as opposed to the inspired word, boldly say 
that the account of the creation in Genesis is only a myth or 
an allegory and that it has little more value as a record of 
historical fact than the creation stories of the Hindoos, the 
Babylonians or the Chaldeans. The account of the creation is 
merely a fable akin to the fables of other eastern nations. This 
is the advanced view of the religious thinkers of today. 

Now it isdifficult todiscuss a subject of this kindinsucha way 
as to seem absolutely impartial. But suppose for a moment 
that the first chapter of Genesis had only now been discovered 
among the ruins of some ancient Jewish temple; suppose we 
had not been accustomed to it from time immemorial; suppose 
that noone had been compelled to believe thatevery comma and 
letter was inspired by God. At the same time suppose our 
knowledge of the science of astronomy and our speculations 
as to the origin of our Solar System and the Universe to be at 
the same stage as they are today. 

The first thing that would impress an impartial student 
would be not the differences, but the extraordinary resemblance 
between the account of the evolution of the Earth as outlined 
by modern astronomy and the account of the old Jewish record. 
We may here note the remarkable resemblance of the two 
records. 

Genesis tells us that “inthe beginning God created the heavens 
and the Earth.’ Science does not go back beyond the origin of 
matter itself. ‘The Earth was without form and _ void.’’ 
This is of course exactly what the nebular theory teaches us. 
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First day of Creation—Astronomy teaches us that the crea- 
tion of light came first. The molecules were set in motion 
throughout the nebula and thus the vibration of light origin. 
ated. Genesis says—‘‘God said let there be light and there was 
light.” 

Second Day—Astronomy teaches us that after the separation 
of the Earth and Moon, the molten Earth consolidated into a 
globe and there was a rudimentary atmosphere formed 
above the semi-liquid surface. Genesis details the creation of 
“the firmament.”’ 

Third Day—Astronomy teaches us that while the atmosphere 
was still very dense and cloudy, the oceans began to settle in 
the hollows. Rudimentary vegetation appeared. As Professor 
Lowell puts it, vegetation, the flora of paleologic times, flour- 
ished, sustained by the heat of the Earth itself below the cloud 
masses ‘‘They grew right on day in day out. The climate 
was as continuous as it was widespread.”’ Genesis details the 
formation of land and sea and the creation of vegetable lite. 

Fourth Day—Astronomy shows that with the complete clear- 
ing of the skies due to the fall of temperature Sun, Moon and 
stars became visible for the first time. As Lowell says—‘only 
with the clearing of the sky did the seasons come in to register 
time by stamping its record on the trees. Before that, surnmer 
and winter, spring and autumn, were unknown.” Genesis 
explains that ‘‘God said ‘Let there be lights in the firmament 
of heaven to divide the day from the night and let them be 
for signs and for seasons and for days and for years.’ 

Fifth Day—Science explains that the animal kingdom is a 
later product of evolution than the vegetable. Genesis details 
the creation of beasts and fowls. 

Sixth Day—Science shows man to be the highest product of 
evolution. It also shows him to be akin to the animal. Gen- 
esis confirms this and states that man was formed of the dust 
of the Earth. 

Now, one ortwo things must be remembered in connection 
with the parallelism of the two records. The record of Genesis 
denotes the development into six “days’’ or periods, while 
science recognizes a continuous evolution, but the order of 
development is the same in both cases. Of course the word 
‘‘day’’ may be regarded in reading the Genesis account either 
as a terrestrial period of twenty-four hours, or as a period. 
“Days of creation’? may be meant, which may mean anything 
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up to hundreds of thousands of years. From the point of 
view of science, of course the latter interpretation is the only 
one possible. 

It may be objected that in the Genesis record everything is 
ascribed directly to the immediate agency of God, while modern 
science recognizes only causes and effects. But this is a mis- 
taken criticism. If God exists—and modern scientists are 
nearly all fervent believers in His existence—then he must be at 
work throughout the length and breadth of the Universe and 
evolution is merely the method of creation. The Creator did 
not merely set the machine in motion, but his Eternal Energy is 
constantly at work throughout the universe. The author of 
Genesis is writing chiefly for the purpose of showing the hand 
of God in creation. As the late Professor Schiaparelli has 
pointed out, ‘The natural gifts of the Jews carried them to a 
different mission (from the foundation of exact science)—that 
of purifying the religious sentiment and preparing the way 
for monotheism.’’ When allowance is made for the different 
points of view of the author of Genesis i and of modern 
astronomers and physicists it will be abundantly recognized 
that there is in essentials an extraordinary harmony between 





the Biblical account and the evolutionary theories of modern 
science. 

A modern Biblical scholar has done well to recognize this fact 
when he writes—‘‘I have often remarked how unjust it would 
be to maintain that Genesis iis a mere legend. The man who 
wrote it was a priest, one who was well versed in the know- 
ledge of his day, who did not desire merely to transmit tra- 
ditional legends, but recast the material at his disposal into a 
form corresponding to the scientific knowledge of his contem- 
poraries and the results of his own observations of the nature 
of the world. I have already acknowledged him to be a relig- 
ious genius of the first rank and now I wish to acknowledge 
him as a philosopher and a scientist who, lam confident, will 
always maintain a high position among the scientific geniuses 
of all ages.” 

Of course, the critic will ask how a philosopher and scientist 
among a non-scientific people, away in the dim vistas of the 
past—probably before the lifetime of Thales or Anaximander— 
could possibly attain an insight into the origin of the world 
and could sketch an outline of the development of our world 
which is in the main in agreement with the results of modern 
astronomical research. It does certainly seem almost an im- 
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possibility. But impossibility or not, the fact is there. Of 
course, the modern school of thinkers will probably scout the 
idea of ‘‘inspiration” or “revelation” but the question comes 
to be—if a marvelously accurate piece of reasoning 1s not a 
revelation or an inspiration, what can it be called? Explain 
it as we may, the fact confronts us that while the ancient 
Babylonians and Hindoos and Greeks were at the stage of 
beliefs in demi-gods and crocodiles and golden eggs, as explana- 
tions of the origin of the world, the author of Genesis had 
sketched a philosophic, a religious and an evolutionary answer 
to the great riddle of the ages, an answer which, after centur- 
ies of misinterpretation, is only being estimated now at its 
true value. The materialist may talk of legend and the ag- 
nostic of impossibility, but “there are more things in heaven 
and earth than are dreamed of in our philosophy.”’ 





REPORT AND RECOMMENDATIONS OF THE PARALLAX 
COMMITTEE OF THE ASTRONOMISCHE 
GESELLSCHAFT.* 





According to the minutes of the Breslau session of the Astron- 
omische Gesellschaft (Vierteliahrsschriit cer Astronomische 
Gesellschaft, 45, page 298), acommittee consisting of Messrs. 
Battermann, Charlier, F. Cohn, Grossmann and Schorr was 
appointed, for the purpose of setting on foot a parallax Durch- 
musterung. 

The committee deems the execution of such a work to be 
very desirable; for it will serve to bring about in the near future 
a substantial increase in our hitherto quite imperfect know- 
ledge of this important branch of Astronomy. Its execution 
is possible, however, only with the codperation of several 
observatories, and by the most zealous efforts of the observers, 
if the work is to be carried out on a uniform plan. 

Accordingly, although the committee recommends a definite 
programme, they wish nevertheless to emphasize the advisa- 
bility of employing other methods as well for parallax deter- 





* Translated from Astronomische Nachrichten 4408 by Stella Udick, Com- 
puter at the Allegheny Observatory. 
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minations, especially such a one as that proposed by Kapteyn,* 
for only in this way can unknown sources of systematic error 
be discovered. 

The views expressed at the Breslau meeting by the under- 
signed (Professor Grossmann) form the basis for the following 
programme.+ 

1. As many stars as possible down to magnitude 6.5 are to 
be considered as parallax stars, 

2. In accordance with the arrangement of the Astronom- 
ische Gesellschaft Katalog, the sky will be divided into zones, 
and assigned to the various observatories that will have 
offered to take part in the work. 

3. As to the method of observation, the committee recom- 
mends the determination of differences of right ascension by 
the meridian transit, with the help of the registering microm- 
eter; with the modification that a parallax star will not be 
combined with a limited number of comparison stars, as here- 
tofore, but that several parallax and comparison stars will 
be combined into a single observation group. 

4. As to the accuracy of the result, we should strive for a 
mean error of a parallax not to exceed £0”.05. 

5. Special care must be taken to eliminate systematic error. 

In addition, the following details are to be noted: The 
magnitude 6".5 was chosen as the limit, because it seemed to 
permit the most convenient distribution of parallax and com- 
parison stars, and further, because the work would not be 
too crowded. Much stress should be placed upon this point, 
because a change of observers is to be avoided. No real differ- 
ence exists between the two kinds of stars in a group: we 
obtain the parallax of each star with reference to the mean 
parallax of the entire group. If any distinction is made, it 
need only be remarked that no particular directions are neces- 
sary for the choice of comparison stars (it will be best to 
select as faint stars as possible, the lower limit of magnitude 
being set by the instrument and the atmospheric conditions), 
and that particular attention is to be paid to the parallax 
stars, both in the observing and the discussion. 

However, in adopting this limit, it does not follow that all 
the stars above this class must be put upon the observing list. 





* This is the method in which several exposures are made at different 
epochs on the same photographic plate. Translator 


+ Vierteljahrsschrift der Astronomische Gesellschaft, 45 293. 
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The committee should endeavor to examine as many parallax 
stars as possible; but in accumulations of bright stars (as in 
star clusters), or when the climate and situation of an observ- 
atory make observing impossible at certain times of the year 
(asin the northern observatories during the summer months), 
gaps cannot be prevented. However, such gaps are of little 
consequence as compared with those in the compilation of 
systematic star catalogues. In this case other observatories 
that are better situated, but that are prevented by other 
reasons from undertaking a whole 5° zone, might assist in 
filling these gaps. 

As to the extension of a group in declination, only this con- 
dition need be taken into account, that the elimination of 
uncertainties due to instrumental errors be made certain with- 
in each group. These errors must therefore be kept under 
close control, and the means for doing so are to be given in 
complete form. For the limits of right ascension, the quality 
of the clock is of prime importance, and a first-class clock is 
therefore to be provided. Furthermore, it is to be remarked 
that by extending a group too far, the deviation from parallax 
maximum of its first stars in the morning hours and of its 
last stars in the evening, becomes too great. According to the 
season of the year, the groups may be extended from forty to 
sixty minutes. 

The following considerations have led to the choice of this 
method. 


1. Its practical value may be regarded as proven; observa- 
tions with the registering micrometer have the accuracy that 
is required for the determination of parallaxes, 

2. Systematic errors, according to our present knowledge, 
are little to be feared. Variations in the ‘‘magnitude equation,”’ 
which are probably the only errors that come into question, 
can be eliminated without difficulty. 








_ 3. The observing and the reductions are of the greatest 
simplicity. | 

The number of stars down to magnitude 6.5 for the northern \ 
zones of the Bonn Durchmusterung is as follows: 


° ° oe 


Stars i Stars ‘ - Stars 
0 to 5 217 80 to 35 301 60 to 65 203 
5 tol10 2383 35 to 40 332 65 to 70 146 
10 to15 295 40 to 45 298 70 to 75 118 
15 to 20 362 45 to 50 315 75 to 80 89 
20 to 25 348 50 to 55 251 80 to 85 50 i 


25 to 30 310 55 to 60 250 85 to 90 17 
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With the exception of the higher declinations, there will 
therefore be an average of ten to fifteen parallax stars an hour. 
If we do not wish to place the number of comparison stars 
too low, and if we are to avoid undue haste, it will not always 
be feasible to observe a whole zone at one time; a division of 
each zone into two will prove necessary. Therefore each group 
of 50 minutes duration will include five to eight parallax stars 
and fifteen to twenty comparison stars. Naturally, the greater 
the number of the latter, the more acctrrate the results will be. 

If we fix the number of parallax maxima that are to be ob- 
served at five, a set of observations will be completed in two 
years. Let us further assume that each. group is observed 
eight times at each maximum, or forty times in all. We may 
then expect, from the accuracy that the registering micrometer 
affords, a mean error for the parallaxes of at most +0”.05. 

The programme here outlined is offered for criticism; we re- 
quest that objections te it or suggestions for changes be com- 
municated to the undersigned. In view of the importance of 
the undertaking, we hope that a sufficient number of observa- 
tories will declare themselves willing to take part in it. 

The Parallax Committee of the Astronomische Gesellschaft. 
E. Grossmann, Kgl. Sternwarte, Miinchen. 





THE NANTUCKET MARIA MITCHELL ASSOCIATION. 





The friends of the woman astronomer Maria Mitchell 


have chosen a 
worthy method of perpetuating her memory. 


In order to establish a research 
fellowship in connection with the Observatory, which was built at Nantucket 
in 1908, the Association appeals for contributions toward a permanent: fund 
of twenty-five thousand dollars. The following matter is taken from 


a .pam- 
phlet issued recently by the Association. 


Maria Mitchell, the daughter of William and Lydia Coleman 
Mitchell, was born on Nantucket, August 1, 1818. After an 
sarly life of activity, sharing her mother’s cares as well as the 
scientific work of her father, himself an astronomer, she ac- 
cepted while still in her teens the position of Librarian in the 
Nantucket Atheneum. This position she held for twenty years. 
In her position as Librarian she was brought into close 


con- 
tact with the readers of her native town, and skilfully and 
tactfully guided the reading of the younger members of the 


community. She had an especial gift with young people, and 
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there are few, whose privilege it was to know her well, but 
can recall her influence for good, her general sympathetic inter- 
est in all which concerned them. Professor Whitney, her suc- 
cessor at Vassar College, says of her: ‘She was devoted to the 
education of young women because she wished their lives to 
be governed by the harmonies of truth rather than the vagar- 
ies of tradition, by the ‘infinities’ rather than the ‘infinitesimals.’ 
The law of nature embodied in conscience was as vivid to her 
mind as the law of the revolving planet. If she saw an action 
to be right she went to its performance with as direct a course 
as a star to its culmination.” 

During certain hours in her Library work, Miss Mitchell had 
considerable leisure for study in which she was indefatigable. 
Her salary was supplemented by mathematical calculations 
for the United States Nautical Almanac, a work in which her 
father and she were engaged for many years. 

On December 17, 1831, Frederick VI, King of Denmark, 
offered a gold medal to the first discoverer of a ‘telescopic 
comet.’’ On the evening of October 1, 1847, engaged in her 
usual astronomical observations, Miss Mitchell told Ler father 
she thought she had discovered a comet, but advised him to 
say nothing of it until they had observed it long enough to be 
tolerably certain. Mr. Mitchell, however, immediately wrote 
to Professor Bond, then Director of Cambridge Observatory, 
announcing the discovery. The same comet was noted by 
astronomers at Rome, in England and at Hamburg, but the 
priority of Miss Mitchell’s discovery was admitted throughout 
Europe, and in 1849 she received the medal. 

In 1848 Miss Mitchell was elected to membership in the 
American Academy of Arts and Sciences, the first woman 
admitted to its rolls. Later she was elected to the Philosoph- 
ical Society of Philadelphia, and among the papers sent to the 
Memorial by her family are honorary degrees conferred by 
several colleges. In 1857 she gave up her position as Librarian 
of the Nantucket Atheneum and made her first trip to Europe, 
where she was cordially received by astronomers, who not 
only opened their observatories to her, but welcomed her into 
their family life. 

In 1851, a few months after the death of her mother, Miss 
Mitchell and her father removed to Lynn, Massachusetts, 
where they remained until she was called to Vassar College in 
1865 as Professor of astronomy and Director of the Observa- 
tory. One of Professor Mitchell’s students during the early 
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years of Vassar College speaks thus of her life and influence at 
the College: ‘‘In those early times, when the way was yet to 
find, Miss Mitchell, was a formative power for high ideals and 
high standards of scholarship in the education of women. The 
story of her personal influence on her students can never fully 
be told. It lives in the consciousness of all who came with- 
in its touch. Incisive and trenchant of speech and with a 
keen sense of humor, she was warmly human. She belonged to 
a large family, and took a vivid interest in her many nieces and 
nephews and in all their interests, large and small; when she 
came to Vassar her large social nature took in her pupils with 
scarcely less vital sympathy. Many a girl went to her astoa 
mother confessor with the mental and moral perplexities of 
youth, and was lifted into a larger, clearer vision and stronger 
courage to strive for the best. The Observatory hada home 
atmosphere from the first, where for more than three years 
William Mitchell, Miss Mitchell’s father, in his beautilul old 
age, was a benignant presence. Simple, open-hearted hospital- 
ity was as real a part of Miss Mitchell’s life as was hard work 
and devotion to high scientific aims.”’ 

In 1888, after twenty-three years of service, she resigned her 
position at Vassar College; she was made Professor Emeritus, 
and offered a home in the Observatory for the remainder of 
her life. She preferred, however, to return to her family in 
Lynn, where, in 1889, she died. 

Dr. James M. Taylor, then and now President of Vassar 
College, in his address at her funeral, said: If I were to select 
for comment the one most striking trait of her character, I 


should name her genuineness. There was no false note in 
Maria Mitchell’s thinking or utterance. . . . One who has 


known her kindness to little children, who has watched her 
little evidences of thoughtful care for her associates and friends, 
who has seen her put aside her own long-cherished rights that 
she might make the way of a new and untried officer easier, 


cannot forget the tender side of hercharacter. . . . But it 
would be vain for me to try totell just what it was in Miss 
Mitchell that attracted us who loved her. It was this com- 


bination of great strength and independence, of deep affection 
and tenderness, breathed through and through with the senti- 
ment of a perfectly genuine life, which has made for us one of 
the pilgrim shrines of life the study in the Observatory of Vas- 
sar College, where we have known her at home, surrounded 
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by the evidences of her honorable professional career. She has 
been an impressive figure in our time, and one whose influence 
lives.” 

In 1902 a circular, proposing the purchase and preservation 
of the birthplace of Maria Mitchell, was sent out over the 
names of an organization committee of twelve members. In 
December of the same year the desired property, No. 1 Vestal 





BIRTHPLACE OF MARIA MITCHELL. (Built 1790.) 


Street, Nantucket, was purchased by the Association. On 
July 18, 1903, a Massachusetts charter was granted. The 
annual meetings are held in Boston on the last Wednesday in 
each April. 

The intent of the Committee on Organization has been carried 
out, the original building has heen kept in excellent order, and 
in addition an active educational interest has characterized 
the Memorial. Scientific collections of local importance’ have 
been received and carefully classified and placed, representing 
the flora and fauna of the Island. To these Professor Mitchell’s 
family have added her MSS. lectures and notes, together with 
many valuable autographs, letters of interest and other ma- 
terial connected with her life and work. Early in 1907 the 
five-inch telescope presented to Professor Mitchell through 
Elizabeth Peabody ‘‘on behalf of the women of America,’”’ was 
donated to the Association, and by subscriptions a fireproof 
Observatory was completed June 1 and dedicated July 15, 1908. 
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Here the remounted telescope was placed in position for use. 

The building was so constructed that no space should be 
wasted. The ground floor room is devoted to a Library con- 
taining Professor Mitchell’s scientific books, which, with recent 
and popular books on astronomy, form a working library 


for students. 





ASTRONOMICAL OBSERVATORY. 
(Built 1908.) 


in its educational work. 


During the summer months 
classes have been instructed 
by a competent astrono- 
mer appointed by the Presi- 
dent of the Association and 
the Chairman of the Ob- 
servatory Committee. On 
the rollof membership vari- 
ous walks of life are repre- 
sented: The astronomer, 
other scientists, personal 
friends and _ relatives of 
Maria Mitchell, residents 
of the Island of Nantucket, 
graduates of Vassar Col- 
lege, and latterly visitors 
tothe Memorial who there- 
by have become interested 


Annual members pay to the Association one dollar each year, 
The life membership fee is ten dollars. 

These and honorary members have free admission to all 
privileges, classes, lectures or whatever opportunities may be 
offered under the auspices of the Association. 





PLANET NOTES FOR SEPTEMBER AND OCTOBER, 1911. 


C. H. GINGRICH 


The Sun itself will be moving southward during these two months. It 
will cross the equator shortly before midnight C.S.T. on Saturday Sept. 23. 
The Earth will be moving nearer to the Sun during these months, which may 


seem strange to people in the northern hemisphere because the Earth will 


obviously become colder, instead of warmer as would be expected when the 
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Earth draws nearer to the inconceivably hot body, the Sun. This seeming 
paradox, is however, soon removed when the inclination of the Earth is taken 
into account, for at this season the north pole is inclined away from the Sun 
and consequently the northern regions of our planet receive the rays of the 
Sun less directly and therefore less powerfully. 
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THE CONSTELLATIONS AT 9:00 P. M. SEPTEMBER 1, 1911. 


The phases of the Moon for these two months are as follows: 


Full Moon Sept. 8 Oct. 7 
Last Quarter = 25 “ 14 
New Moon “ 22 “ a 
; First Quarter ““ 29 “* 29 


The Moon will reach its nearest point to the Earth on September 16, and 
October 1I, and will be -farthest from the Earth on September 1, and 29, and 
on October 27. 
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Mercury will dart about in the sky a great deal during this time. It will 
be at inferior conjunction with the Sun on September 9, and at superior 
conjunction on October 23. At and near these times it will of course not be 
visible. On September 25 it will reach its greatest elongation west of the Sun. 
At this time it will be more than an hour ahead of the Sun and about 61%4 
north of the Sun, and may be seen in the east just before sunrise on or near 
this date. 

Venus will be moving westward toward the Sun in the early part of 
September and will pass the Sun at inferior conjunction on September 14. It 
will continue to move westward throughout tke rest of September and 
October. It willattain a period of greatest brilliancy on October 23. At this. 
time it will be about two and a half hours west of the Sun, and about 
thirteen degrees north. It will then be a very bright and beautiful object in 
the morning sky. 

Mars will approach the Earth rapidly in these two months. Its semi- 
diameter will increase from six to more than nine seconds and by the end of 
October it will have reached almost its maximum size. It will rise about the 
time of sunset and will be an object of unusual interest during the early part 
of the winter because of its near approaeh to the Earth. It will cross the 
ecliptic moving north on October 31. 

Jupiter will be visible in the west during the first part of September. It 
will, however, be lower down in the west each evening at sunset and in the 


early part of October will be lost in the rays of the Sun. It will be consider- 
ably south of the Sun during most of this time. The writer recently had a 


fine view of this magnificent planet through the forty-inch refractor at Yerkes 
Observatory. The belts were very closely marked and various other surface 
markings could be seen. The colors of the various regions were quite striking 
and distinct. In this large instrument the satellites appear as small spheres 
and not merely as stars as they do in most telescopes 

Saturn will be very near to Mars during these months and can be seen at 
the same time as Mars. 

Uranus will be in quadrature with the Sun on October 19. It will then be 
six hours east of the Sun and will cross the meridian at sunset. 

Neptune will be in quadrature with the Sun on October 17. It will, how- 
ever, be six hours west of the Sun and will cross the meridian at sunrise. It 
can be observed in the east in the early morning during October. 





The Great Red Spot on Jupiter:—In A.N.4498 Mr. T. E. R. Phillips of 
Ashtead, Surrey, England, calls attention to a remarkable change in longitude 
of the Great Red Spot on Jupiter, a decrease of 30° in the unprecedentedly 
short time of ten months. 





VARIABLE STARS. 


Variable XX Cygni:—In A. N. 4497 Mr. A. A. Nijland, of Utrecht, gives 
new elements and light curve of this variable, showing it to be of the 5 Cephei 


type instead of the cluster type. The star rises to maximum in 5 


and requires 
2" 17" to sink to minimum. The elements are: 
Max. = 2418723.678 Gr.M.T. + 0,9134850 E 
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Six New Variables:—These were announced in the Harvard Circular 
No. 164 and the numbers were assigned in A. N, 4503. 


Star a 1900.0 6 1900.0 Magnitude 
h tw 8 ° , 

17.1911 Cassiop. 0 20 56.3 +50 43.6 7.2— 8.6 
18.1911 Aurigae 6 10 40.2 +33 14.6 9.6—10.3 
19.1911 Gemin. 7 30 16.2 +17 7.8 9.6—10.4 
20.1911 Ophiuchi 16 59 53.7 —26 26.8 7.2— 8.0 
21.1911 Sagittarii 17 52 56.4 —17 23.6 9.0—10.6 
22.1911 Sagittarii 18 O 2756 —27 26.5 10.4—<16 





New Variable Star 23.1911:—This was discovered by Mme. L. Ceraski 
upon the Moscow photogrs ene. Its position is 


h m o , ” 
a 1855.0 3 11 10.00 6 1855.0 +31 29 27.3 
@ 1900.0 3 13 355.79 6 19000 +21 39 29.6 


From 26 plates taken in the interval 1904-11 it appears to vary between mag- 
maeuaeae 8.5 and 6.5. The type and period are unknown. 





New Variable Star 29.1911:—This is announced by Professor Perci- 
val Lowell in A.N. 4508 and was detected upon plates taken at the Lowell 
Observatory 1911 May 15 and 16. Its position is 

@1855.0 15" 38™ 185 5 1855.0 —18° 167.5. 
It is the southernmost of a pair of stars 14” apart. 


The northern star is of 
magnitude 14 while the other ranges from 13.5 to 15.7. 





Elements of Variable Stars:—In A.N. 4497 Mr. S. Enebo of Dombaas, 
Norway, gives observations Of a number of variable stars, 


Among them we 
find the following elements: 


ELEMENTS. 
58.1908 Geminorum Min. = 1910 Dec. 25 65 30™ Gr.M.T. + 14 8" 48™ 2159E 
= 2419031.27 Gr. M. T. +1°.36692 E 


57.1908 Camelopard. Max. = 1911 Jan. 275" 12™Gr.M.T. +04 11" 31™44°.8E 
= 2419064.217 G.M.T. + 0.48038 E 


139.1908 Lyrae Max. = 1910 Sept. 26 (8941) + 1414 E 
33.1910 Cygni Max. = 1909 Nov. 12 (8623) + 1734 E 
86.1910 Urs.Maj. Max. = 1911 Feb 2 (9070) + 97° E 
136.1910 Lyrae Min. = 1911 Mar. 18 75 45™ Gr.M.T. +5? 5" 51°E 
= 2419114.32 Gr.M.T+51.2437 E 





Elements of Variable Stars:—The following 
stars are given by Mr.S. Enebo in A.N. 4502: 


SX Draconis Min. = 1909 Dec. 11 10" 5" G.M.T. + 54 4" 3.5 E 
= 2418652.42 Gr.M. T, + 54,1691 E 


elements of Variable 


RW Lacertz Min. = 1909 Dec. 11 4° 34™ Gr.M.T. +54 4" 26.3 E 
= 2418652.19 Gr.M.T. +54.1849 E 


RW Urs. Maj. Min. = 1909 Jan. 28 4" 0" Gr.M.T. +74 7" 52.6 E 
= 2418335.16 Gr.M.T. +79.3282 E 


UU Andromede Min. = 1911 Jan. 2 6" 45™ Gr.M.T. + 1° 11" 40".6 E 
= 2419039.28 Gr.M.T. + 144865 E 
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Approximate Magnitudes of Variable Stars on July 1,1911. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 





Name. R.A. Decl. Magn. Name, R.A Decl Magn 
1900. 1900. 1900. 1900 
h m © . h m 
X Androm. O 10.8 +46 27 10.2i SCor. Bor. 15 17.3 +31 44 10 
T Cassiop. 17.8 +55 14 8.9 RCor. Bor 14.4 +28 38 6.2 
RW Androm. 41.9 +32 8 <1l X Cor. Bor. 15.2 +36 35 <12 
RV Cassiop. 47.1 +46 53 <14 VCor. Bor 46.0 +39 52 <10 
W Cassiop. 49.0 +58 1 11.4d USerpentis 16 2.5 +10 12 10 
U Androm. 1 9.8 +40 11 12. 9 W Cor.Bor 11.8 38 3 10.8d 
— Androm. 10.4 +41 12 <13 _ U Herculis 21.4 +19 ; <A) 
S Cassiop. 12.3 +72 5 <11_ R Draconis 32.4 +66 58 9.11 
Z Cephei 2 12.8 +81 13 12.5 S Herculis 17.4 -+15 7 9Y6d 
RR Cephei 29.4 +80 42 <13 R Ophiuchi 17 2.0 58 8.9d 
X Camelop. 4 32.6 +74 56 <11 V Draconis 56.3 53 12.7d 
4 Aurigae 5 9.2 +53 28 9.0 WDraconis 18 5.4 56 14.0 
J Tauri 43.2 i9 2 10.1 X Draconis 6.8 B 114 
U aed 149.9 20 10 6.2 W Lyrae 11.5 38 10.5d 
Z Aurigae 53.6 +53 18 9.4 SV Draconis 31.2 18 13.2d 
V Aurigae 6 16.55 +47 45 11.2 RYLyrae 41.2 34 ILE 
U Lyncis 31.8 +59 57 <14 V Lyrae i969 «6562 30 13.3 
S Lyncis 35.9 +58 0 <13 S Lyrae 9.1 50 9.51 
Y Monoc. 51.3 +11 22 9.8 U Draconis 9.9 4 1 < 
R Lyncis 53.0 +55 28 <11 TZ Cygni 13.4 +50 O 11.3 
R Gemin. 7 13 +22 52 14 U Lyrae 16.6 +37 42 10.41 
V Can. Min. 15 +9 2 <18 RCygni 344.1 +49 58 <10 
T Can. Min. 28.4 +11 58 10.77 x Cygni 46.7 32 40 7.3 
S Gemin. 37.0 +23 41 13. RS Cygni 20 9.8 38 28 8.3 
W Cancri 9 4.0 +25 39 11.8d R De Iphini 10.1+4+ 8 47 re 
R Leonis 42.2 +11 54 6.37 SX Cygni 11.6 +30 46 12 
R Urs. Maj. 10 37.6 +69 18 1 V Sagittae 15.8 +20 47 12.2 
W Leonis 48.4 -+14 15 12.27 U Cygni 16.5 +47 35 10.5d 
S Leonis 12 5.7 6 O <12 T Aquarii 44.7 5 31 11.4d 
T Can. Ven.12 25.2 +32 3 11.117 RZCygni 418.5 +46 59 11.0 
T Urs. Maj. 31.8 60 2 7.67 R Vulpeculae 59.9 +23 26 9.0d 
R Virginis 33.4 + 7 32 11.4d TCephei 21 8.2 +68 5 a4 
S Urs. Maj. 39.6 +61 38 11.8d R Equulei 8.4 +12 23 9.41 
: Virginis 16.0 6 6 11.4d S Cephei 36.5 +78 10 11.2d 
J Urs. Min. 14 ep +67 15 8.9d V Cassiop. 23 7.4 9 8 7.9 
S Bootis ae. 5 +54 16 11.0d Z Cassiop. 39.7 +56 2 13.1d 
R Camelop. 5. 1 +84 17 <11 R Cassiop 53.3 +50 50 97d 
The letter 7 hematin that the light is increasing; the letter d, that the light 


is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled at the Harvard College 
Observatory from observations made at the Amherst, Vassar, Mt. Holyoke, 
Olcott, Jacobs, Swartz, Hunter, Eadie and Harvard, Observatories 





Minima of Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time beginning with noon. To reduce to 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours, etc For 
stars marked thus * alternate minima are given; ** every third minimum}; + every 
tenth minimum.] 


SY Androm. *U Cephei *U Cephei *Z Persei RY Persei 

d h d h d h d h d h 

Sept. 17 13 Sept. 17 17 Oct. 22 15 Sept. 27 15 Sept 7 10 

Oct. 22 11 22 iv 27 15 Oct 2 18 1 t 7 

2t ii *Z Persei 9 20 21 4. 

*U Cephei Oct. 2 16 Sept. 3 4 Se 28 0 
Sept. 2 19 7 16 9 7 22 on. 1 21 
7 18 12 16 15 9 22 2 11 1 

12 18 17 15 21 12 28 4 18 15 


20 11 














442 


Minima 


**RZ Cassiop. 


d h 

Sept. 2 4 
5 18 

2 3 

12 22 

16 13 

20 3 

23 17 

ne Ut 

30 21 

Oct. 4 11 
4g 8 1 

” i &6 

15 5 

18 19 

22 9 

25 23 


*“ST Persei 
sept... 2 2 


ri 9 
12 16 
18 0O 
23 7 
28 14 

Oct. 3 21 

9 + 
14 11 
19 18 
25 1 
30 = «9 


RX Cephei 
Sept. 8 12 
Oct. 10 20 


*Algol 

Sept. 5 5 
10 23 

16 16 

22 10 

28 3 

Oct. 3 21 
9 15 

15 8 

21 2 


26 20 


**RT Persei 
Sept. 2 28 


5 7 

7 20 
10 9 
i2: 22 
is i2 
18 1 
20 14 
23 3 
25 16 
28 5 
30 19 


of Variable Stars of the Algol Type.—Continued. 





**RT Persei 


Variable Stars 


RW Persei 


° 


Oct. 


*U Columbe 


W Gemin. 
d h 
15 16 
21 9 
2é 3 


Sept. 5 10 


11 ) 

16 15 

22 5 

27 19 

Oct. 3 10 
9 0 

14 15 

20 5 

25 19 

31 20 
*RW Monoc. 
Sept. 3 16 
a 

11 7 

26 2 

18 22 

22 17 

26 13 

30 8 

Oct. 4 4 
41 23 

11 19 

15 14 

19 10 

23 5 

5 a | 

30 20 


RX Gemin. 


51.1908 Gemin. Sept. 8 16 


Oct. 


**RU Monoc. 


20 21 
3. 2 
io fF 
27 12 


14 Sept. 3 4 


d h d h 
Oct. 3 8 Sept. 12 4 
a 2 25 9 
8 10 Oct. 8 14 
10 28 21 19 
13 12 RS Cephei 
16 1 Sept. 9 3 
18 15 21 13 
21 4 Oct. 4+ 0 
ao oO 16 10 
26 6 28 20 
28 19 *RY Aurigae 
31 8 Sept. 3 23 
\ Tauri 9 10 
Sept. 1 6 14 21 
5 5 20 8 
9 4 25 19 
13 2 Oct. 1 6 
7 4 6 17 
21 O 12 4 
24 23 17 15 
28 22 23 2 
Oct. 2 22 28 13 
6 20 *RZ Aurigz 
10 19 Sept. 1 
14 17 12 1 
18 16 18 2 
22 15 24 3 
26 14 30 4 
30 13 Oct. 6 5 
*RW Tauri is 6 
Sept. 3 9 18 6 
8 22 24 7 
14 11 30 8 
20 O 
25 13 
Oct. 1 2 Sept. 3 13 
16 15 7 13 
12 3 11 13 
7 16 15 14 
23 5 19 14 
28 18 23 14 
oO” 
*RV Persei (ct. “ 14 
Sept. 2 17 5 14 
6 16 9 15 
10 15 13 15 
14 14 17 15 
18 12 21 15 
22 ii 25 15 
26 10 29 15 
30 8 
Oct. 4 7 *RW Gemin. 
8 6 Sept. 5 13 
12 5 6 
16 3 17 0 
20 2 aa 17 
24 1 28 11 
28 O Oct. 4 5 
31 22 9 22 


Oct. 


o 22 
8 13 
il 6 
13 22 
16 15 
19 7 
21 0 
24 16 
27 9 
30 1 
2 18 
5 10 
8 3 
10 20 
13 12 
16 «5 
18 21 


=U 


Oct. 


Monoc. 
d h 
21 14 
24 6 


26 23 
29 15 


**R Canis Maj. 


Sept. 3 22 
7 = 

10 18 

14 3 

17 13 

20 23 

24 9 

27 19 

Oct. 1 4 
4 14 

8 O 

11 10 

14 19 

18 5 

21 15 

25 «(CO 

28 11 

31 20 
RY Gemin. 
Sept. 9 12 
18 16 

28 2 

Oct. 7 .9 
16 17 

26 «6~O 
*Y Camelop. 
Sept. 4 16 
: eg 

17 22 

24 12 

Oct. 1 3 
7 18 

14 8 

20 23 

27 14 

RR Puppis 
Sept. 5 1 
a 21 

17 22 

24 8 

30 18 

Oct 7 #5 
13 15 

20 1 

26 12 

**V Puppis 
Sept. 2 20 
7 #5 

11 13 

15 22 

20 7 

24 15 


29 O 
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Minima of Variable Stars of the Algol Type.—Continued. 


*V Puppis **RR Velorum *5 Librae R Arae Z Herculis 
d h d h d h d h A d h 
Oct. 3 9 Oct. 6 5 Sept. 25 11 Oct. 20 22 Sept. 23 2 
7 ta «68 30 3 25 9 27 2 
iz 2 17 8 = Oct. 4 19 29 19 Oct. l 1 
i6 11 22 21 9 10 **U Ophiuchi 5 l 
° 20 20 28 11 14 2 Sept 2 56 9 1 
25 5 ee 18 18 4 $17 13 1 
29 13  . 5S Carinae 23 9 7 6 17 1 
=a Sept. 3 2 oO P ‘ 
+X Carine ™ 9 17 28 1 a 18 21 : 
Sept. 2 9 is 7 U Corone 14 19 - @ 
c 19 22 22 Sept. 1 22 = - 
13 5 »9 12 g 20 17 é SX Draconis 
» = ey 19 IO = 2 
18 15 Oct 6 2 15 18 aa sept. 4 oO 
24 1 12 17 22 15 «2 6S ®9 7 
»g 10 - : pred = 24 20 14 11 
. 19 7 29 13 7 | o : 
nm 3 25 22 Oct. 6 11 at 19 16 
0 © pes . 13 8 <4 24 20 
15 16 RW . re. Maj. 20 g VUct ~ 10 30 «(OO 
sa 3). | 27 «4 4°22 Oct. 5 5 
26 12 aS ee 7 10 * 10 9 
81 22 22 15 SW Ophiuchi 9 23 15 13 
cs 29 23 sept. } i2 11 20 17 
; »s C “—~ Oct. 7 7 8 23 14 23 On piel 
Sept. 6 21 1415 13 20 17 12 4 
16 69 21 23 18 18 20 O Se in 
25 21 99 7 93 15 29 13 *RS Sagittarii 
Oct. 5 8 Serene eer ee 28 12 az (G2 ew 1 23 
1420 .“"4Draconis , “3 4 = : 6 19 
9 Sept. .3 4 , ‘ ve 27 is es 
24 re) ya 6 Rg 7 30 ) 11 15 
» — . 
ae f 6 e (Of 16 11 
S Velorum i 13° 9 #*SZ, Herculis 01 47 
Sept. 1 11 is 9 18 on Sept 1 10 6 3 
7 10 1 ii a 3 21 20 23 
13 8 23 13 27 6 8 Oo = 4k 
< 6 7 aw . : ct o 3) 
” S 27 14 *SX Ophiuchi 8 19 10 15 
25 D Oct. 1 16 Sept. 2 10 11 5 15 11 
Oct. 1 3 5 18 6 13 13 16 20 7 
7 2 g 19 10 16 16 3 25 2 
13 O 13 21 14 19 ig 14 99 99 
18 22 17 23 ») ) Ps) Fre 
24 21 29 1 _ “i . R *V Serpentis 
30 19 26 2 97 «4 25 23 Sept. 2 4 
. ‘ ies a > 9 2 
**Y Leonis 30 4 Oct. 1 8 28 10 16 0 
Sept - © *SS Centauri SD i 30 21 29 29 
7 2 Sept. 3 3 9 14 Oct 8 > 19 
12 : 8 2 13 17 5 18 of “6 17 
La 4 13 1 17 20 8 5 ; 13 15 
es an. in 9 21 23 10 16 = 12 
27 7 22 23 26 2 is 3 27 10 
Oct. : * 27 22 30 5 15 14 si 
7 10° Oct. 2 21 R Are 18 1 +RZ Draconis 
A? 11 7 20 Sept. 2 6 20 12 Sept. 6 5 
i7 13 12 19 6 16 22 23 11 18 
22 14 17 18 11 2 25 10 17 6 
27 16 22 17 15 13 27 21 22 18 
**RR Velorum 27 16 19 23 0 ‘ 28 6 
Sept. .2 20 *5 Libre 24 9 Z Herculis Oct 3 18 
8 9 Sept. 2 56 28 19 Sept 3.43 9 7 
13 23 6 20 Oct. 3 6 7 2 14 19 
19 12 11 12 7 16 11 2 20 7 
25 2 16 £ 12 2 15 2 25 19 
30 15 20 19 16 12 19 2 31 7 








Ad 


** RX Herculis 
a 


Sept. 


Oct. 


*SX Sagit 


Sept. 
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Minima of Variable Stars of the Algol Type.—Continued. 
**U) Scuti 


h 

- ae 

4 #5 

6 21 

9 i3 

12 5 
14 21 
17 13 
20 5 
22 21 


25 13 
5 


30 21 
8S i3 
6 5 
6: 2 

Li Ss 

14 5 

16 21 

19 13 

22 5 

24 °21 

27 14 

30 6 

tarii 
32 
8 O 

12 3 

iG 7F 

20 il 

24 14 

28 18 
= 22 
s & 

11 5 

15 9 

19 12 

23 16 

2i 20 


*RR Draconis 


Sept. 


Oct. 


Sept. 


3 1 
8 17 
14 9 
20 1 
25° 17 
1 9 
7 1 
ie if 
18 8 
24 O 


29 16 
**U Scuti 


= 32 
S 7 
8 4 
11 1 
13 322 
16 18 
19 15 
22 12 
25 9 
28 5 
1 2 
3 23 


d 
Oct. 6 
9 
12 
is 
18 
21 
24 
26 
29 


*RX Draconis 


Sept. 4 
8 

12 

16 

19 

23 

27 


Oct. 


D> 


=" 
Pe) 


*RV 


Sept. 6 
13 
20 
27 


Oct. 4 
12 
19 
26 


*Z Vulpec. 
1 h 


h 
20 Sept. 4 10 
15 9 8 
13 14 6 
10 19 4. 
7 24 2 
4 29 QO 
O Oct. x 21 
21 8 19 
18 13 17 
18 15 
23 13 
16 : 
i] 28 11 
6 SY Cygni 
1) Sept. 1-15 
i « 
“4 13°15 
; 19 15 
4. 98 16 
23 =e ae 
ig Ut 1 16 
¢ r 16 
13 : oo 
8 13 16 
3 19 16 
Pe 25 16 
22 Fe ‘ 
16 31 16 
si *WW Cygni 
Lyre Sept. 3 19 
0 10 10 
5 17 3 
9 o3 Wi 
14 30 8 
0 13 15 
4 20 6 
9 26 21 


16.1908 Vulpec. 


Sept. 1 
5 

10 

14 

19 

23 

28 

Oct. 2 
6 

11 

15 

20 

24 


29 


*U Sagittae 


Sept. 3 
10 
17 
24. 
30 
Oct. 7 
14 
21 
27 


SW Cygni . 


3 Sept. 2 6 
14 6 19 
2 11 9 
13 15 23 
1 20 i2 
12 25 2 
) 29 16 
11 Oct. 4 6 
23 8 20 
10 13 9 
24 iz 623 
9 22 13 
20 27 3 
8 31 16 


VW Cvgni 


21 Sept. 2 11 
15 


9 
3 
22 
16 
10 
+ 
23 


10 21 
19 7 
27 18 
Oct. 6 4 
14 14 
23 1 
Si (ii 


. “UW Cyegni 
d h 


Sept. 2 22 Oct. 265 12 
9 20 29 22 
16 18 
2315 **28.1910 
30 13 Cygni 
Oct. {f At Sept. i 7 
14 8 4 15 
21 6 7 13 
28 4 10 11 
13 8 
W Delphini i6 6 
Sept. 4 4 19 4 
9 9 22 2 
13 19 24, 23 
18 14 27 21 
23 10 30 19 
28 5 
oct. 3 0 WZ Cygni 
¢ 20 Sept. 1 1 
12 15 Oct 2 8 
17 10 
22 6 *RT Lacertae} 
se : 9 
RR Delphini me 6S 7 
Sept. 2 15 12 16 
7 6 pas pa 
11 20 oe - 
16 10 os 
1g Ot 2 
an z 8 1 
30 5. 13 5 
Oct. + 20 : ‘a 
9 10 7 
14 1 3 
18 15 = 65 
23° 5  *PfT Androm. 
27 20 Sept. 3 9 
RR Vulpec. 8 22 
Sept. 2 6 14 10 
a 3 19 23 
12 8 25 12 
17 9 Oct. 1 O 
22 11 6 13 
27 12 12 2 
Oct. 2 13 17 14 
, 34 23 3 
12 15 28 16 
17 1% 21.1909 Andr 
99 1g , 21-1909: : 
27 «19 July 3 11 
pe , 7 14 
“"VV Cygni 11 17 
Sept. 2 8 15 19 
6 18 19 22 
11 4 24 1 
15 15 28 4 
20 Kk et. 2 7 
24 11 6 9 
28 22 10 12 
Oct. 3. 8 14 15 
7 18 18 18 
i2 5 22 20 
16 15 26 23 
21 1 31 2 


**VV Cygni 
d I 























Variable Stars 14.5 
Maxima of Variable Stars of Short Period not of the Algol Type. 
Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 
SX Cassiop. SU Cassiop SY Aurigae 5 Gemin S Musca 
d h 1 t i h b 
Sept.21 9 Oct. 27 16 Sept. 2 24 5 0) (= 1d) 
Oct. 27 23 29 14 i3 3 %Sep 1 12 Sept i ae 
13 23 6 11 16 17 14 
SY Cassiop. sis - Oct. 3} 10 21 19 37g 
Sept. 3 11 SV Persei 13 13. Oct 1 23 Oct 6 21 
7 12 Sept. & 10 23 16 2 3 16 13 
11 14 19 13 oe 22 6 26 5 
15 16 30 17 ¥ Auriwoe lr Crucis 
19 17 Oct. ae 0 ; ( 6 18) RU Camel p (——-2 2) 
23 19 “a & Sept 3 12 9 12) Sept. 3 2 
27 21 ry a 7 #9 Sept. 10 6 9 19 
Oct. 1 23 Rx “ee * ti s oO 2 13 16 13 
6 O Sept. 12 4 15 2 24 19 23 6 
10 2 23 (419 18 22 30 0 
14 4 Oct 5 10 22 19 V Carine Oct 6 18 
18 5 i7 1 26 16 ins - 13 11 
22 ‘ pin 16 30 12 Se Tt 5 21 20 ) 
26 9 , oat 12 18 26 22 
30 10 « SX Aurigac RZ Gemin 19 6 
Sept. 2 9 ca a a tom R Crucis 
er 250s, 2 Ov . , — =. 
<a = 10 Sept 3 14 Oct bas . (—1 10) 
. > = , 9 3 Sept > 9 
> 9 9 > «ae re) Ss 
—_— 7 12 6 = 14 15 i151 11 4 
i ‘ Q ) ‘ . = 
Oct. 2 2 10 1 20 oe 21 18 li Be 
99 : 25 16 28 10 42 20 
16 1 2 
. 47 t 18 Oct 1 4 8 16 
LS = 6 16 [ Velorum Vt t 12 
SU Cassiop 14 15 12 5 er 10 7 
(—0 22) 6 4 17 17 Sept. 1 14 16 3 
Sept. 1 3 17 16 s ss 6 5 21 2% 
2 D 19 5 a 18 1( oO 27 19 
- 20 18 , . . 
- 1 BP 7» . , is 12 S Crucis 
§ 22 22 r RS Orionis a 
= << , 2) 3 1 12) 
il —=— 2 ‘ 1 pt 5 ~ 
10 21 25 8 Sept 6 9 st <r _ 10 1 
— va > > »» Pan | ‘ 
1 20 <6 21 13° 22 
14 18 28 10 SS 3 Y 4 1 > Li 
‘ a 29 23 Ig 1 8 16 19 10 
16 1% - 13 8 24 2 
18 16 Cet. 1 11° oct. 6 14 17 23 28 19 
20 15 3 0 14 4. . ied es = 
at 14 4 13 1 17 22 14 Oct 3 12 
> ‘ 
o4 12 6 2 2g 17 = a 
on Ty 7 14 W Carinz 12 21 
28 9 3 T Monoe 1 0) 17 13 
25 10 ‘ ; Sept 3 6 «G 22 6 
309 10 16 | (—9 23) Sept. 3 6 26 22 
Oct o 12 5 Sept. 24 0O 15 oe 
es. Ps : 1317. Oct 24 0 12 ) 31 15 
t ) “a s 16 9 P ‘ 
. 4 Lé 6 . Genie 20 18 RZ Centauri 








. OF 3 Sept. 1 6 
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Maxima of Variable Stars of Short Period not of the Algol Type. 


RZ Centauri 
d h 


Oct. 


W 


Sept. 


Oct. 


10 15 
11 14 
12 12 
13 21 
14 9 
i ¢ 
16 7 
7 66 
18 4+ 
19 2 
20 1 
20 23 
21 22 
22 20 
23 19 
24 17 
26 16 
26 14 
ae 1S 
28 11 
29 10 
30 8 
1 7 
2 5 
3 A 
4 2 
5 1 
S 23 
G 22 
7 20 
8 19 
9 7 
10 16 
11 14 
12 13 
13 4 
14 10 
is 8 
16 r | 
i a 
18 4 
19 2 
20 1 
20 23 
21 22 
22 20 
23 19 
24 7 
26. 16 
26 14 
aa 6S 
28 °11 
29 10 
30 9 
31 7 
Virginis 
—8 5) 
8 13 
25 19 
13 2 
30 8 


Continued. 
V Centauri RV Scorpii U Sagittarii 
da b d N a h 
(—1 11) 20 5 (—2 23) 
Sept. 3. 8 96 6 Sept. 5 11 
8 10 5ap cae 12 5 
14. - i csc 18 23 
19 19 . a 25 17 
fam ~ sept. i i6 : " 
25 ‘ = g Oct. 2 10 
30 19 - 1 9 4 
Oct. 6 7 12 17 15 22 
11 19 16 .0 22 16 
mt 9 ae 29 10 
99 18 20 ~ 
- . 23 18 B Lyre 
28 6 97 11 (—3 7) 
R Triang. Austr. = g (—3 2) 
oa 0) Oct. 1 3 Sept. 8 16 
Sept. 2 2 t 20 14 23 
5 11 8 12 21 15 
B. 21 1205 27 2i 
12 6 15 21 (Oct. 4 13 
15 15 19 14 10 19 
19 12 23 6 iz 11 
22 10 26 23 23 17 
25 19 30 15 30 9 
29 5 X Sagittarii «x Pavonis 
Oct. 2 14 | (2 22) —_" a 
5 23 Sept 3 3 Sept. 4 6 
9 9 10 3 13° «9 
12 46 17 3 22 41 
16 4 24 t Oct 1 13 
19 13 Oct. i 4 10 15 
oe 32 Ss 4 19 17 
26 8 5 4 28 20 
ae Ae 22 95 U Aquilz 
S Triang. Austr. 29 5 (—2 4) 
Sept. 5 4 Y Ophiuchi Sept. ¢  ¢ 
it ka (— 6 5) 14 8 
17 20 Sept. 11 23 21 8 
24 4 295 2 28 9 
30 11 £4Oct 16 & Oct. 5 10 
Oct. 6 19 , . e 12 10 
P 13 3 W Sagittarn 19 11 
9 1) = © 26 11 
re ; : Sept. 4 4 [ Weller. 
= = 11 18 se ae 
S Norme 19 8 Sept 2 13 
, (—4 10) 96 23 11 13 
Sept. 1 13 Oct. 4 13 19 12 
pe! 7 12 3 ae a 
211 19 18 27 12 
30 19 i a eo 
Oct. 10 13 5 a 
20 7 Y Sagittarii 29 10 
30 1 (—2 2) aigiit : 
RV Scorpii Sept. 5S 13 SU Cygni 
(~-1 10) 11 ‘ ao 28 > BS 
Sept. 1 17 17 2 Sept. 2 21 
7 18 22 20 > 17 
13 20 28 15 19 14 
19 21 Oct. 4 9 14 10 
25 43 10 4 = * 
Oct. 2 O 15 23 ae ae 
s 2 pe 3 as 
14 3 27 12 29 19 


SU Cygni 

Oct. S 15 
| 12 

a «6S 

15 4 

19 1 

22 21 

26 i7 

30 14 
» Aquilae 

(— 2 6) 
Sept. 3 18 
10 22 

18 2 

25 17 

Oct. 2 11 
9 15 

16 19 

24 1) 

re 8 | t 

S Sagittae 
(—3 10) 
Sept. 6 9 
14 18 

23 4 

Oct. 1 13 
9 22 

18 7 

26 16 

X Vulpec 

2 1) 

Sept. 3 23 
10 7 

16 14 

32 22 

29 6 

Oct. 5 13 
11 21 

18 5 

24 12 


30 20 


V Vulpec. 
Minimum 


Sept. 3 11 
QOet. F1 6 
X Cygni 

(—6° 19) 
Sept. 4 20 
21 6 

Oct. ¢ iS 
24 O 


T Vulpec. 
(—1 10) 


Sept. 3 23 
8 10 

12 20 

17 «(5 

21 18 

26 2 

30 14 
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Maxima of Variable Stars of Short Period not of the Algol Type. 


Continued. 





T ,Vulpec. VZ Cygni 5 Cephei V Lacer 
i h d h da I i 
Oct. 4 23 Sept. 19 L Sept 4 13 — m 
9 11 24 O 9 22 sept - 
13 20 28 21 i5 7 7 
18 8 Oct 3 18 20 16 12 
33 16 8 14 26} 17 
27 4 iS il Oct. 1 9 22 
31 15 18 8 6 18 27 
TX Cygni 23 8 a2 2 
Sept a; 281 iz 13 ‘ 
15: 0 22 21 ae 
9 18 Y Lacertae 28 5 1% 
Oct 14 11 ., (—1 10) Z Lacertae = 
29 4 Sept. 1 1 Sept. 11 11 ‘ou 
VY Cygni . 9 22 8 X Lacert 
(—2° 14) 9 17 Oct 3 ee. 6° 
Sept 6 17 14 0 14 2 - 
14 13 ig 8 a8 15 
2 11 22 16 21 
30 7 27 0 RR Lacertae 2¢ 
Oct. 8 4 Oct. 1 8 Sept 7 8 Oc 2 
16 1 5 15 13 18 7 
23 2) 9 23 20 1 13 
3 18 14 7 26 14 18 
VZ Cygni 18 15 Oct 3 0 <3 
(—1 1) 22 23 S 10 29 
Sept. 1 13 27 6 15 20 SW Cassi 
9 10 31 14 22 6 Sept. 1 
14 7 28 16 7 
COMET ANSP ASTEROID NOT 
Wolf’s Periodic Comet.—This comet was photog 


predicted place, by Professor Max Wolf at Kénigstuhl on 
tude is estimated at 


tions. It was not visible with the 16-inch telescope at 


June 16. 


tae SW Cassiop 
) Sept. 22 11 
16 17 22 
16 23 8 
15 28 19 
15 Oct 4 5 
14 9 15 
14 is 2 
14 20 12 
LS 25 22 
13 31 9 
12 RS Cassiop 
12 ( 1 19) 
12 Sept. $4 13 
ae 10 20 
23 17 8 
9 23 10 
O 29 17 
6 Oct 6 1 
li 12 8 
22 18 15 
14 24 22 
1 3 5 
12 RY Cassiop. 
py te! | ( 7 10) 
9 Sept 5 5 
Op. 17 9 
+ 29 12 
1 Oct 11 16 
23 19 
ES. 
raphed close » the 


Its magni- 
15.0, much fainter than was predicted from the calcula 


Goodsell Observatory 


on the nights of July 13 and 19, so that it will be useless for amateurs to look 


for it with small telescopes. 





Re-Discovery of Wolf’s Periodic Comet:—A 


received at this Observatory from Kiel, stating that 


Wolf's 


cablegram 


Periodic 


For ephemeris for August see April number of P.A 


has been 


Comet 


was observed by Professor Max Wolf at Heidelberg 1911 June 19.4792 in 


R.A. 18" 46" 165 
The comet is visible in a large 


13 


Dec. 


telescope 


EDWARD C. 


Astronomical Bulletin No. 444. 
Harvard College Observatory 


28’ 


PICKERING 
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Ephemeris of Wolf’s Periodic Comet a 1911. 
Greenwich 


Midnight a 6 log r log A 
1911 h m s , 44 
Sept. 16 iS 9 31 +7 30 55 0.34388 0.26112 
20 18 12 34 +6 47 50 0.33920 0.26488 
24 8 36 #«S56 +-6 $ 54 0.33446 0.26866 
28 18 20 8 +5 22 42 0.32970 0.27241 
Oct. 2 18 24 27 +4 41 24 0.32496 0.27618 
6 18 29 16 +4 1 5 0.32014 0.27979 
10 18 34 30 +3 22 15 0.31538 0.2835] 
14 18 40 9 +2 44 43 0.31058 0.28710 
18 18 46 9 +2 8 40 0.30574 0.29056 
22 18 5&2 33 +1 34 24 0.30096 0.29403 
26 18 59 19 +-] 2 3 0.29618 0.29737 
30 29 «| 66 636 +O 31 44 0.29140 0.30060 
Nov. 3 19 18 51 +O 3 26 0.28662 0.30372 
7 29 21 38 —O 22 29 0.28190 0.230679 
11 19 29 42 —O0 46 16 0.27720 0.30979 
15 19 38 4 —1 7 36 0.27254 0.31264 
19 19 46 43 —1 26 22 0.26792 0.31544 
23 19 55 40 —1 42 39 0 26340 0.31818 
2 20 4 51 1 56 24 0.25890 0.32082 
Dec. 1 20 14 17 2 1 2 0.25450 0.32342 
S 20 28 5&7 215 43 0.25020 0.32596 


Providence June 29, 1911. 


F. E. SEAGRAVE. 





New Comet 6 1911 Kiess.—A new comet was discovered photograph 
ically by Mr. C. C. Kiess, Fellow at the Lick Observatory, on the morning of 
July 6 and the announcement of the discovery was made by telegram to 
Harvard College Observatory on the next day. Thecomet isin the constellation 
Auriga and moving toward the southwest, almost in a direct line for the 
Pleiades, Unless its course changes it will be near the Pleiades about the 
middle of August. 

The comet is quite bright in a small telescope so that amateurs can easily 
find it and watch its changing position from morning to morning. The best 
time to see it now is about three o’clock in the morning but in August it may 
be seen to advantage an hour earlier than that. 

The following observations of its position have come to hand through the 
Harvard circulars and observations here at Northfield. 


Greenwich m.t. R.A. Decl. Observer Place 
h m 7 , ” 

July 6.9794 4 &1 51:8 +35 15 12 Kiess Mt. Hamilton 
7.9488 4 50 05.6 +35 7 41 Kiess Mt. Hamilton 
8.9796 4 48 21.3 +34 58 43 Kiess Mt. Hamilton 
9.5231 4 47 23.8 +34 53 45 Schwassmann Kiel 
9.8306 4 46 51.1 +34 50 55 Eppes Washington 

10.9025 4 44 58.8 +34 40 26 Wilson Northfield 
12.8412 4 41 35.2 +34 19 20 Eppes Washington 
13.8852 4 39 45.1 +34 6 53 Wilson Northfield 
19.8917 4 28 52.7 +32 36 4 Wilson Northfield 
23.8703 4 20 55.9 +31 11 49 Wilson Northfield 
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Note on the Discovery of Comet b 1911 Kiess:—Comet b was 
discovered by the writer on a plate taken on the morning of July 6, with the 
Crocker Photographic Telescope. It was on the very edge of the plate and 
appeared as a distorted, nebulous object, which might easily have escaped 
detection but for the faint tail-like streamer of light attached toit. This led at 
once to the suspicion that the object was a comet. Examination of the object, 
on the following morning, with the twelve-inch telescope confirmed this view. 

In the field of the telescope the comet showed a fine, sharp nucleus and a 
faint tail. Subsequent photographs of less than an hour exposure, taken by 
Mr. R. S. Shepard of the Lick Observatory, show the comet to have a streamer 
tail nearly four degrees in length. The comet is of the seventh magnitude and 
can easily be seen with an opera glass. It is moving at a uniform ratein a 
south-westerly direction. At present its position is: R.A. 4° 30"; Dec. + 33°.5, 

C. C. KrEss, 
Lick Observatory, July 17, 1911 
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PLACE OF COMET ‘hb 1911 IN THE Sky 





Kiess Comet.—This new comet was observed at Yerkes Observatory on 


the morning of July 8 by Professor Frost for spectroscopic purposes with the 
twelve-inch refractor and again on the following morning July 9. The comet 
was photographed also by Professor Barnard on these two mornings 


I 





Because 
of the short time between moonset and sunrise on these dates the exposures 
were necessarily short. There was no tail visible in the twelve-inch, and the 
photographic plates show only a small extent of tail 

The comet was photographed by Mr. Parkhurst with the objective prism 
on the morning of July 9. An exposure of twenty-nine minutes on this date 
shows a characteristic spectrum, resembling closely that of Halley’s comet 
both before and after perihelion. The two knots which included most of the 
light were at the ends of the portion of the spectrum in focus, being the third 
“Carbon” band at \ 4740 and the cyanogen band at \ 3883. 
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Elements and Ephemeris of Comet b 1911.—A telegram has 
been received at this Observatory from the Students Ohservatory of the Univer- 
sity of California, stating that the following elements and ephemeris of Kiess 
Comet have been computed by Einarson and Meyer from observations made 
on July 7, 11, 15. 

ELEMENTS. 


Time of passing perihelion T=1911 June 304.28 G.M.T. 
Perihelion minus node =—S2 eee EO 
Longitude of node =82= 158 46 
Declination =) = 2e8 Ft 
Perihelion distance = ¢ = 0609 
EPHEMERIS. 
G. M. T. R. A. Dec. Light 
d h m 8 ) , 
1911 July 22.5 4 23 40 +31 45 1.39 
= gee 4 14 50 30 OF 
~*~ 35 4 04 O2 27 44 
Aug. 3.5 3 49 41 +24 16 2.85 


EDWARD C, PICKERING. 
Harvard College Observatory, 
Cambridge, Mass. July 22, 1911. 





Spectrum of Comet 5b 1911.—A photograph of the spectrum of the 
comet was obtained at the Harvard College Observatory on July 7, with the 
8-inch Draper Telescope. It showed the two bands, 3883 and 4737, bright 
and nearly equal. The former band was much the fainter of the two in 
Daniel's comet (d 1907) 

A second photograph of the spectrum of Keiss’ comet was obtained at the 
Harvard Observatory on June 19. The band +737, which on July 7 was about 
equal to that at 3883, is now much stronger. Another band near H 6 is also 
shown. EDWARD C, PICKERING. 

Harvard College Observatory. 
Cambridge ,Mass. July 22, 1911. 





New Comet c 1911 Brooks:—On July 21 a telegram from Harvard 
College Observatory announces anew comet discovered by Professor Brooks 
on July 20. Its position July 20.625 Grenwich mean time was. 

R. A. 22" 13" 40° Decl + 20° 57’ 

This is in Pegasus near the center of the trapezium formed by the stars a, 
B, » and eof that constellation. The motion is described as slow northwest. 

The comet was observed at Goodsell Observatory on the morning of July 24. 
It is easily visible with a small telescope but is not conspicuous. It is about 
10’ in diameter, nearly round with a stellar nucleus of abceut the eleventh 
magnitude. The following positions are all that are at hand as we go to press: 


Greenwich M.T. R. A. Decl. Observer Place 
1 m 8 , Ad 

July 20.625 22 138 Ww +20 57 Brooks Geneva 
21.7498 22 12 59.9 +21 34 40 Aitken Mt. Hamilton 
22.7672 22 12 2.4 +22 6 34 Aitken Mt. Hamilton 
23.6630 22 11 24.6 22 37 6 Albrecht Cordoba 
23.8192 ms 611 «17.3 +22 42 10 Wilson Northfield 
25.7076 a3 8 37.7 +23 46 15 Wilson Northfield 
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Discovery of Brooks’ Comet.—While sweeping the eastern heavens 
on the night of July 20, I discovered a comet, the position of which at 15 hours 
G. M. T. was R.A. 22 hours 13 minutes 40 seconds; declination north 20 degrees 
57 m. which places it on the western side of Pegasus. The motion of the comet 
is slow northwest. 

In the 1014-inch equatorial refractor the comet is a fairly bright telescopic 
object, and it is visible in the 3-inch finder. 

WILLIAM R. Brooks 
Smith Observatory, 
Geneva, N. Y. July 21, 1911. 





Search Ephemeris for Comet Barnard 1892 V:—In A. N. 4504 Mr. J 
Coniel, of Paris, gives search ephemerides for Barnard’s comet 1892 V, which 
is due to return to perihelion sometime within a year from now. The elements 
are quite uncertain, since the comet was not seen at its returns in 1899 and 
1905. It was very faint in 1892 and, as comets seem to diminish in brightness 
with each successive return, the chance of its being discovered is quite small. 
We give a portion of Coniel’s ephemerides, showing the range of possible posi- 
] 


tion of the comet on three dates. The angle v isthe angle of the comet from 











perihelion, — signifying that it has not reached and + that it is past perihelion 
August 2 September 3 October 6 
Vv a 6 | a i) ] a ri) I 
h m , , , 
—60 21 2 +43 25 0.31 18 55 28 52 0.27 
—50 22 42 +45 57 0.38 19 53 36 27 0.46 14 59 0.25 
hit O17 +44 11 0.41 21 18 +43 48 0.72 18 15 0.42 
—30 1 33 +39 45 0.39 23 19 +47 43 0.94 22 17 0.74 
= 2Q 2 30 34 34 0.35 1 24 +44 25 0.98 +26 58 1.31 
—i0 3 13 , 37 0.19 2 56 +36 40 0.81 23 25 30 26 2.03 
0 3 48 25 11 0.24 3 57 28 42 0.61 1 43 2% 35 2.25 
+10 417 +21 16 0.20 440 +22 3 0.45 3 36 +19 6 1.65 
1 2) > 14 +16 41 0.32 $f 50 +11 13098 
+-30 5 42 +12 20 0.22 § 39 + 5 32 0.57 
+40 616+ 1 28 0.34 
+-50 6 46 — 1 41 0.21 


The quantity I indicates the relative brightness of the comet, its value having 
, 


been 0.33 when the comet was discovered in 1892 





Recent Photographs of Comet Halley:—During 1911 Comet Halley 
has been photographed with the Crossley Reflector at intervals of about one 
month. The last plates, taken in May, show only an exceedingly faint trace 
of the comet, and its photographic magnitude is estimated to be the six- 
teenth or fainter. 

The positions derived from some of these plates are given below. Owing 
to the small number of comparison stars available on most of the plates 


these positions are to be regarded as preliminary 


1911 G.M.T. Apparent a Apparent 6 
March 27, 17 37 10 12 20.8 —11 23 16 
23. 17 20 10 11 24.5 —11 14 26 

April 20, 17 48 9 54 47.6 — 8 8 12 
May 20, 17 52 9 47 27.8 —5 24 32 
ok, 2 Se 9 47 26.3 — 5 20 35 
27, 17 20 9 17 33.8 — 4 99 57 
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The corrections to Ebell’s Ephemerides in Astronomische Nachrichten, Nos. 
4476 and 4492, average +12°.8 and —0’.6. 
HEBER D. CurTIs. 
Lick Observatory, June 1, 1911. 


—_ 





Elements and Ephemeris of Planet 1909 JA:—I am sending you 
herewith the orbit and ephemeris of the minor planet 1909 JA. The work 
was done by two of my advanced students working as check computers, Mr. 
Seth Nicholson and Miss Alma Stotts, 
identifying it although it is too late to aid in following it. 


The ephemeris may be of service in 


If this should prove to be a new one, as we believe it is, we would like to 
give it the name Ekard. 
D. W. MoREHOUSE. 
Drake University, 


Des Moines, lowa. May 24, 1911. 


ELEMENTS AND EPHEMERIS OF PLANET 1909 JA. 
Epoch 1909, Dec. 31.5, G.M.T. 








M 52° 40’ 567.1 
« =839 10 46 .1) Ls 39° 12° 26" .5 
QO =231 25 31 .1} 1909.0 Q 231 27 14 .6$ 1911.0 
i= te 2c OF 6) i iS 4¢ Of .1} 
= 19 OS 18 .7 
logu = 2.909696 
loga = 0.426874 
RESIDUALS (O—C) 
Aa Ao 
1909 Dec. 3 I +-O8.05 —0’.1 
Dec. 31 II +O .05 0 .O 
1910 Jan.28 III O.08 —0 1 
HELIOCENTRIC CO-ORDINATES 1909.0 
x = (9.989949) r sin (320° 20’ 50.24 uw) 
y = (9.988475) r sin (227 26 05 .2+ nu) 
z = (9.493198) r sin (271 59 O38 .2+ u) 
HELIOCENTRIC CO-ORDINATES 1911.0 
x = (9.989941) r sin (320° 22’ 347.5 + uw) 
y= (9.988466) rsin (227 27 39 8+ 1) 
z = (9.493376) r sin (272 00 40 .2+4+4) 
EPHEMERIS. 
1911 G.M.T. a (1911.0)* 5 (1911.0)* log r log A 
h m > , ” 
Apr. 2.5 8 35 09.62 —0O 53 52.5 0.544710 0.466554 
6.5 8 35 20.22 0 33 06.8 0.545108 0.474323 
10.5 8 35 49.47 —0 13 40.5 0.545488 0.482188 
14.5 8 36 36.62 +0 O4 23.1 0.545856 0.490107 
18.5 8 37 40.90 0 20 59.8 0.546208 0.498040 
22.6 8 39 01.60 0 36 06.1 0.646544 0.505948 
26.5 8 40 38.00 0 49 39.4 0.546866 0.513802 
30.5 8 42 29.28 1 O01 38.2 0.547168 0.521605 
Mav 4.5 8 44 34.68 1 11 59.8 0.547458 0.529218 
8.5 8 46 &3.382 1 20 44.8 0.547734 0.536729 
12.5 8 49 24.19 1 27 54.0 0.547992 0.544083 
16.5 8 52 06.61 1 83 28.0 0.548236 0.551260 
20.5 8 54 59.79 i 37 28:2 0.548464 0.558252 
24.5 8 58 03.03 1 39 55.7 0.548678 O 565047 
28.5 9 O1 15.79 1 40 51.2 0.54887: 0.571630 
June 1.5 9 04 37.31 +1 40 16.1 0.549058 0.577989 


* Corrected for Aberration. 
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This planet was discovered by J. H. Metcalf. The above elements were 
computed from observations made by Dr. Palisa an Vienna, 
December 31, 1909, and January 28, 1910 


on December 3, 


SETH NICHOLSON 
ALMA M. STorts. 





COMMUNICATIONS QUESTIONS AND ANSWERS. 


—_——_ 

[This department is designed especially for the use of amateurs Beginners are 
invited to send in their puzzling questions. The editors will try to see that answers 
are given to reasonable questions but will not hold themselves responsible for the 
correctness of the views expressed in the communications which may find place 
here. All communications should be brief. 


On the Choice of a Telescope.—Although I have written notes 
heretofore on the subject of the use and choice of a telescope I am lead to 


add yet a few words as I receive letters about every week from amateurs 


making inquiries along this line. 
I need not repeat what I wrote in PopuLAR ASTRONOMY some few weeks 
ago as to the relative merits of the refractor and reflector, but will add 


C 


to 


what was there said that the average amateur who has never used an instru- 


ment at all will do much better to begin with a refractor I have known 
several who thought that their reflectors were not doing good service, when 
it was simply a matter of their not knowing how to care for them. For my 


supplement to my 5’, 


refractor as it brings out especially well the star clusters and nebulae, but I 


persoual use I have found my 16” reflector a valuable 


think of the two classes of instruments I would prefer the refractor if I could 
have but one. I prefer both types and am about to build a new 16” reflector 
with circles, slow motions ete. that I may do real research work This 
need 1 would not have felt at the early beginn 





yof my work as an amateur, 
Again let me caution the beginner against buying a refractor simply because 


it is a few dollars cheaper in price than some othe1 Many amateurs write 
for advice along these lines. Recently a friend wrote for advice. Soon I re- 


ceived another communication from him, stating that he had gotten prices from 
a number of dealers and was going to take the offer that gave the most size 
for the least money. I wrote cautioning him against the dangers of such a 
coursc in the purchase of optical goods. He has followed the advice and bought 
a fine refractor from one of our best telescope makers. Too many take his 
first planned course only to find out later their mistake. The best is tke cheap- 
est in optical goods. My fine new 5” refractor accomplishes more than some 
9” and 7” refractors that I have looked through 


RUEL W. ROBERTs. 
Edgerton, Wis 





Audibility of Aurora Borealis.—The above question is up I submit 
this testimony. Somewhere about 1842 or 3 when I was ten or eleven years 
of age, one night in the fall of the year after the frost season had set it, my 
father bade me get on the horse and ride two miles to our country store in 


Strafford, N. H. on an errand. It was fairly dark when I started and there 
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was a bright aurora in the northern sky. The road was straight north so I 
faced the aurora for the whole distance.- I walked the horse every step of the 
way as I was not then, and have never since heen, able to ride faster, because 
of some abdominal sensitiveness. The horse knew the road and I had nothing 
to do but observe the aurora. Everything was quiet along the road. It ran 
past farms 4 or % miles apart. I was no more afraid than if I had been riding 
in sunlight. I have never seen an aurora whose movement was more brilliant. 
The general movement was from west to east and consisted of repeated down 
rushes of light, wide above, and coming to a point lower down—roughly one 
might say it was an exhibition of triangles of light very acute at the lower 
point. These would be thrust down and then withdrawn and then the exhi- 
bition would advance again from west to east. 
Now I as distinctly heard what I have always 


called a “‘swish’’ attending 
these movements as I saw the light. 


The exhibition with varying intensity— 
was kept up during my slow return home. Once the noise was more marked 
and seemed nearer than at other times. It sounded like the ‘‘crackle’’ 


of the 
burning of a hemlock broom. 


Now I trust the hearing of my boyhood’s ears on that night as implicitly 
as I do the vision of my eyes. The one was no more a pseudotion than the 
other was a pseudopion. I heard the “swish” and ‘‘crackle’’ and saw the 
light for nearly two hours. I have never heard an Aurora since though I have 
seen many. But that a thing is of rare occurrence is not proof that it does 
not occur at all. 


CHARLES CAVERNO. 
Lombard, Jll. July 5, 1911. 





A Remarkable Meteor Trail.—I saw a very remarkable meteor trail 
last Thursday evening, the 8th, and will here describe it thinking it may be of 
some interest to your readers. The meteor first became visiblé at a point 
about 15 degrees North West of a in Ursa Major and moved in a north east 
direction. The meteor itself seemed not to be extraordinarily conspicuous 
and after travelling about forty degrees burned up or at least the trail or train 
ceased but the train of light thrown off by it in its swift passage remained 
visible for sixteen minutes and then was obscured by clouds which were rising 
rapidly in the north west. It seemed to remain in an absolute straight line 
for two or three minutes then commenced to drift slowly before a current of 
air high up which was moving in a south east direction, more south than east. 
While drifting the currents of air caused bends to appear in it, some larger, 
some smaller, and at this time it very much resembled the appearance of a 
stroke of lightning which had remained suspended in mid-air, having a ribbon- 
like appearance, the edges being clear cut and remaining so until two or three 
minutes before the clouds shut it from view, when we could note the edges 
becoming softer and perceptible dimming of the phenomena. Up to this time 
it had remained a bright vivid light of slightly yellow shade, and of equal 
intensity throughout its length. While drifting it seemed to loop over itself 
about two thirds of its length from the top and at that time looked as a bow 
knotted in along length of ribbon. After watching it for some time I got out 
my three-inch telescope but as it had began to grow dimmer I was unable to 
get a good focus on it. 

It created not a little excitement here as quite a number of people saw it 
and watched it until it disappeared from view. 


H. L. THoMaAs. 
Stewart, Neb. June 12, 1911. 
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Telescopic Meteor.—At approximately 9" 13™ C.S.T., on the evening 
of May 24, I observed a very brilliant telescopic meteor which traversed a 
part of the field of my three-inch refractor, rather obliquely, while observing 
the nebula N. G. C. 3379 and $384 in Leo. The duration of visibility of this 
meteor was extremely short. This makes the third telescopic meteor which I 
have noted well within a year’s time, with my 3-inch instrument. 

FREDERICK C. LEONARD 
Leonard Obs’y., 1338 Madison Pk., Chicago, May 30. 





Jupiter’s Belt and a Transit of Satellite I1I.—The belts on Jup- 
iter’s surface were remarkably plain and regular on June 21, in spite of its 
being rather hazy. There was one of a distinct grayish hue in the S. hemis- 
phere between two very light belts, showing up dark against the brighter 
background. This particular belt seemed darker and a little wider at the 
center of the disc, (the latter condition being probably due to its less fore- 
shortening in this locality), than at the edges, its central portion reminding one 
of a large, dark gray, oblong spot which shaded off into the remaining por- 
tions of the belt. On the same evening, about as much as was discernible 
through my 3” equatorial refractor of the transit of satellite II of Jupiter, 
which, according to the American Ephemeris, occurred at 11" 13" C.S. T 


” 
was observed. The satellite was viewed some time previous to the ingress, 
and was seen to approach and to pass in front of the edge of the planet's 
disc very slowly. At length it was discovered to be really in transit and was 
then observed for some little time near the edge of Jupiter’s disc as a minute‘ 
white spot or speck, superposed upon the bright background of the planet. 
FREDERICK C, LEONARD 
Leonard Obs’y., Madison Pk., Chicago, June 25 





The Society for Practical Astronomy.—This is the title of an 
association of astronomical observers, which was founded by the writer 
early in the year 1909, but not until now well known to the general public. 
The organization is a society chiefly for amateurs, and made up of amateurs 
largely, though we are glad at any time to welcome professionals who may 
care to join with us. It is our hope to bind together in one strong society all 
of the astronomical amateurs in America and elsewhere, and in this way 
encourage and help to promote amateur workin general. Among other good 
features, this will afford an excellent cpportunity for amateurs to get in touch 
with one another and co6perate for a mutual advantage. 

The official organ of the Society is a little journal known as “The Monthly 
Register of the ‘S. P. A.,’”’ which has been running for over two years, but 
which has not, until the March, 1911, issue been printed and given wide circu- 
lation, and only since this issue has the organization been given any publicity 
to speak of. This paper is at present to be published eight or nine times a 
year; it is contributed to by the members of the society, and published by the 
society. It is hoped to in time gain for ‘‘The Monthly Register’ the reputa- 
tion of a paper expressly for the Amateur Astronomer, and maintained almost 
wholly by him. Although our little periodical has had, so far, only two 
printed issues, it has met with the most encouraging response and enthu- 


siasm on the part of many who have séen it, and it has been spoken of as 
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being ‘‘a long-felt want to the Amateur Astronomer’. We are anxious that 
all who are interested in the Society or in its magazine should see the latter, 
and I shall be glad to send sample copies of our next issue to as many as 
will send me their names and addresses. 

The aim of the Society for Practical Astronomy is the advancement 
of, and coéperation in Practical Astronomy. We are 


very anxious to 
admit many new members into this association at 


present. The only 
requirement for entrance is that one be a fairly regular observer who is 
willing to contribute the results of his observations to ‘The Monthly Register,”’ 
as often as possible, and the only charge for membership in the Society is the 
subscription price of the paper, which is, to members, $1.00 per year, (to non- 
members, $1.50) 

Copies of the last two numbers of ‘‘The Monthly Register’? have been sent 
very generally throughout the United States, in the hope of interesting our 
amateurs in the Society. lextend a free and hearty welcome to all of all my 
fellow-observers, and will be glad to hear from any who care to join the ranks 
ot the “GS. P. A.” 


The membership of our organization is now rather small, but it is 


rapidly growing. At present we have eighteen members, (most of these 
having been admitted since our last March issue of the paper), but we 
expect to have many more in the near future. The officers of the 


Society for Practical Astronomy are as follows: Frederick C. Leonard, Presi- 
dent, John E. Mellish, Secretary, Horace C. Levinson, Treasurer, Ruel W. 
Roberts, Organizer and Lecturer. 

Before closing this communication, I wish to add further that we want to 
make this one of the strongest and largest amateur astronomical organiza- 
tions in existence, and that we invite members from all over the world to join 
our ranks; we can make this society what we desire to make it only through 
the help of the many amateurs who are so willing to do all they can to advance 
Practical Astronomy, therefore, let us ask them ali to join this association so 
that their combined efforts may result in promoting this sublime science to 
even a still greater degree than formerly. 

FREDERICK C, LEONARD. 
Director, Leonard Obs’y., 1338 Madison Pk., 
Chicago, Ill., June 17. 





NOTES FOR OBSERVERS. 





What an Amateur can do.—Many amateur observers would like to 
do astronomical work of scientific value, if they only new what they could 
do withthe appliances which they have. Many spendthe time which they devote 
to evening observation to simply looking at various portions of the sky, ex- 
claiming to their friends over the beauties of what they see, and perhaps 
jotting down a few notes. This is all very well for the one who is simply 
amusing himself but it should not be dignified by the name of ‘Practical 
Astronomy.” 

There are a few lines of real work which can be pursued by the amateur, 
with little apparatus, and which for the most part are left to the amateur by 
the professional astronomer. For example: 
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1. The study of Variable Stars. 
2, The systematic search for comets 

3. The persistent study of the surface markings of the planets 

4. The study of the zodiacal light and of the ‘‘gegenschein.’ 

I do not mention the study of sunspots, over which many amateurs are 
wasting their time, for through the enthusiasm of Professor Hale and others, 
the study of the Sun is being pursued so thoroughly the world over, that there 
is little use in an amateur projecting the Sun’s image on a screen and sketching 
sunspots. 


On the other hand variable stars are so numerous and so many of them 


need continuous watching, which can be done with a small telescope or opera- 
glasses or even with the naked eye in many cases, that there is abundant 
opportunity for the amateur in this field. 

So far as the writer is aware there is no systematic search for comets 
being made at the present, And during the past few years the discoveries of 
new comets have been very few. The one found by Kiess the other day was 
found accidentally in a certain sense, ie. it was found on the extreme edge of 


a photograph taken for another purpose. It might just as well have been 


found by an amateur who systematically, say once each week, swept over the 
eastern morning sky with a small telescope Any amateur who regularly 


sweeps any considerable part of the sky, with a telescope of three or four 
inches aperture, at intervals of a few days, is likely to be rewarded by the 
discovery of a comet. 

Very few of the observatories devote much of the observers’ time to the 


study of the surface markings of the planets, but in England the British 


Astronomical Association has a separate section of amateurs for each of the 
brighter planets, and a great deal of excellent work has been done by them. 


For the study of the form of the zodiacal light and of the -genschein”’ 





no apparatus is required; only a keen sensitive eye and an atmosphere free from 
dust and the glare of city lights. 
The editor of PopuLAR ASTRONOMY has it in mind to each month publish 


under the heading ‘‘Notes for Observers’’ short lists of objects to be observed 
and suggestions as to methods and forms of record. Can we not have in 


America an association of observers with a “Variable Star Section,” a “Jupiter 
Jury 


Section” etc ? Weinvite correspondence in regard to the matter 





GENERAL NOTES. 





The editor is back upon his job after a very enjoyable sabbatical year 
spent at the Lick Observatory. He wishes to express his hearty appreciation 
of the wonderfully accurate, thorough and scientifically valuable work which 
is being done at Mt. Hamilton and of the kindly and cordial spirit which exists 
among the observers. Weexpect at some time during the coming year to give 
a popular accunt of some of the work which is in progress there. 

The assistant editors of the past year are both absent for the coming year, 
Dr. Ralph E. Wilson entering upon a two year appointment at the Lick Ob- 
servatory and Mr. Curvin H. Gingrich spending the year in study at the Yerkes 
Observatory. They will both continue to contribute notes to PopuLaR 
ASTRONOMY. 
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Honorary Degree to Professor Frost.—Dartmouth College has con- 
ferred its decorate of science on Professor Edwin B. Frost, of the class of ’86, 
director of the Yerkes Observatory and formerly professor of astronomy at 
Dartmouth College. (Science.) 





Dr. Louis Simonin, assistant director of the Nice Observatory has 
been appointed astronomer in the Paris Observatory. 





Honorary Degree to Professor Hale.—The University of Cambridge 
has conferred the degree of Doctor in Science, honoris causa, on Professor : 


George’E. Hale director of the Mount Wilson Observatory. (The Observatory.) 





Professor Mary W. Whitney, director of Vassar College Observatory 
has been granted leave of absence for a year on account of illness. Miss 
Caroline E. Furness associate professor of astronomy is in charge of 


the 
Observatory this year. 





Dr. Henry Norris Russell has been promoted to be 


professor of 
astronomy at Princeton University. 





Astronomicai and Astrophysical Society of America.—The eleventh 
annual meeting of this society will be held at the Dominion Observatory, 
Ottawa, Canada, on Wednesday Thursday and Friday, August 23-25, 1911. 

The following preliminary program is given in a circular of information 
recently issued by the secretary. 


PROGRAM, 


Subject to modification by the Council, the program will be as follows: 
WEDNESDAY, AuGuUsT 23— 

Papers, 10 A.M. to 1 P.M. 

Luncheon, 1 to 2 P. M. at the Observatory. 

Papers, 2to4 P. M. 

Reception and Inspection of the Observatory, 4 to6 P. M. 
THurspAy AuGust 24— 

Excursion to Gatineau Region: 

Leaving Union Station, 9 A. M. 

Papers and Nomination of Officers, 1:30 to 3:30 P.M. 

Returning, arrive at Union Station, 6 P. M. 
Fripay, AuGust 25— 

Papers and Election of officers, 10 A. M. to 1 P.M. 

Luncheon, 1 to 2 P. M. at the Observatory. 

Papers, 2to4 P.M. 

Drive to points of interest around the City, ending at Hotel, 4 to 6 P.M. 
The principal matters of interest at the Observatory are: 

Equatorial instrument (15 inches aperture.) 

Spectrographs. 
































General Notes 

Stellar Camera. 

Meridian Circle, 6inches aperture, 36 inches circle 

Coelostat and solar spectrograph. 

Apparatus for distribution of time. 

Measuring machines. 

Seismograph. 

Recording Anemometer, thermographs, micro-barograph 

Library. 

A meeting of the Council is called for Tuesday August 22 at8 p. m. at 

the Russell House. 





A Severe Earthquake Shock at Lick Observatory.—From notes 
which are given below by Professor Aitken it will appear that the earthquake 
which visited Lick Observatery on July 1, 1911 was really a severe one, 
although not as bad as indicated by some of the daily newspapers. The shock 
came at 1" 59" 56° p.m., Pacific Standard Time, without preliminary tremors, 
and lasted only a few minutes. 

In spite of the severity of the shock the observers kept their presence of 
mind; several instantly began counting seconds and obtained the exact time of 
the earthquake and its duration, while at the same time they were getting out 
from the buildings. That their feelings were not seriously wrought up is shown 
in the following rhyme composed by them at luncheon on the next day. The 
“Shindig”’ is a social organization of the assistants and computers, with which 
the editor of Il’oPULAR ASTRONOMY enjoyed the privilege of being connected 
during the year 1910-11. 

“Precisely at 1.59" 56° p.m. as Mr. Kiess was busily engaged in reading 
‘The Physics of Earthquake Phenomena’ he was given a practical demonstra- 
tion of such when 


“The earthquake quaked 

The building shaked 

And Shindigers felt it was no fake 

For an earthquake it was with no mistake 
The brick house rocked 

And we were all shocked 

Down in the basement the Riefler croaked 

And in the battery room the floor was soaked 
The plaster fell 

As we knew well 

For the shock was very severe 

And it is a cinch 

That the 36-inch 

Was moved at least three-fourths of an inch 
The Crossley dome 

Gave a big moan 

And now is solid asa great big stone 

The big brick house 

the 


Is heaved to south 
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And its plaster is almost gone 

The windows are shattered 

And things are all battered 

And there we can have no more fun.’ 





Notes on the Earthquake of July 1, 1911.—The earthquake of 
July 1, 1911, wasin some respects the most severe one experienced since the 
Observatory was founded. The amplitude of vibration was less than in the 
shock of April 16, 1906, and the duration was much less, but the motion 
was more violent. 

Fortunately, the telescopes and other instruments of the Observatory 
suffered no injury with the exception of the Riefler clock. The steel springs in 
the pendulum support of this clock were broken, allowing the pendulum to fall 
and break the air tight glass case. The 36-inch telescope was moved about 
three-quarters of an inch to the south, the great base plate slipping on the 
masonry pier. 

The telescope “‘Avas put into position again promptly and without difficulty, 
and has suffered no harm whatever. It stood entirely idle for one night only. 
he other telescopes were not affected. 

The damage to the Observatory buildings consists mainly of broken plaster 
and cracked chimneys, with the exception of the large brick residence which 
stands directly east of the main Observatory building. The earthquake vibra- 
tion bulged the north and south walls of the building and produced shear 
cracks in the walls, particularly around windows. Extensive repairs will be 
necessary to make it entirely safe. It should, however, be said that the con- 
struction of this house did not specially fit it to withstand earthquake vibra- 
tion, and that the walls had been weakened by the shocks of 1903 and 1906. 
The walls of the other brick residences on the mountain were uninjured. 

R. G. AITKEN. 





Nova Lacertze:—The new star that was announced on December 31, 
1910 has been steadily decreasing in brightness since that time. At the time 
of its discovery its brightness was estimated to be at least of the 7.5 magni- 
tude. At present, (July 14) it is probably not more than of the 1014 magni- 
tude. On July 1 an exposure of 75 minutes was made on this star with the 
objective-prism attached to the six-inch Zeiss camera of Yerkes Observatory. 
This plate shows some bright lines in the spectrum of the Nova but the ex- 
posure was too short to make the lines very strong. On July 3 a similar ex- 
posure was made of 100 minutes duration. This plate shows the character 
of the spectrum quite clearly. The lines that are most prominent in the pho- 
tographic part of the spectrum now are the chief nebular line and the hydro- 
gen gamma line. Other lines of the hydrogen series are faintly shown. This 
is the ordinary spectrum usually shown by the Novae at the nebular stage 
of their development. 





To Mars via the Moon.—This is an exceedingly interesting combin- 
ation of imagination and scientific fact, an astronomical novel by Mark Wicks, 
in which the author, as he says in his preface, attempts to convey, by means 
of natural incidents and conversations between the characters portrayed, the 
most recent and reliable scientific information respecting the Moon and Mars. 
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The novel purports to be an account of an airship journey to Mars witha 
stop-over at the Moon onthe way. The party consists of three men, the pro- 


fessor, a man versed in all the astronomical information obtainable with regard 
to the Moon and Mars, a younger man and theengineer. The latter two are 
not versed in astronomical lore and as they become interested in the bodies as 
they approach them, their questions give the professor the opportunity to 
impart his knowledge to them and to the readers of the book. From these 
conversations the reader may obtain a very good knowledge of the Moon 
and Mars. 

When the bodies themselves are reached however, the author jumps from 
fact to fancy, and in explaining, in the guise of the professor, the various forms 
visible from the Earth, he draws partly upon this knowledge but more largely 
upon his imagination. Of course in describing the manners and customs of a 
people whose very existence, we have almost no reason to suspect, one must 
rely wholly upon the imagination and we are quite ready to side with Mr. 
Wicks in endowing the people of Mars with bodies and characteristics similar 
to our own. He conceives them to be several thousand years ahead of the 
inhabitants of the Earth in social and intellectual development und his descrip- 
tion of conditions on Mars agrees very well with our ideas of the Eutopia. 

The idea of an airship journey to worlds other than our own is old but 
seldom have fact and fiction been so well céordinated asin To Mars via the 
Moon. Excluding the impossibility of the journey through space, the scenes 
depicted are reasonable and the reasons given in explanations of the scenes 
do not contradict currently accepted results of observation. Altogether, we 
believe the book will make very interesting reading for any one at all acquainted 
with the study of Mars or the Moon. The volume is illustrated with several 
photographs and maps of both bodies, most of them constructed by Professor 
Lo«ell, to whom the book is dedicated. The publishers are J. B. Lippincott 
Co., Philadelphia 





The Principles and Methods of Geometrical Optics.—Of the 
many scientific text-books which have appeared within the last six months 
one, at least, has come to stay, for it is so well written that it deserves to 
become the standard English text in the field to which it relates. The main 
title of the volume is “The Principle and Methods of Geometrical optics” to 
which is added the explanatory sub-title “Especially as Applied to the Theory 
of Optical Instruments.’”’ For this valuable contribution the subject we are 
indebted to Professor James P. C. Southall. Also much credit is due to the 
Macmillan Company for having maintained their characteristic elegance of 
typographical composition. 

Before entering upon the details of the contents of the several chapters it 
seems desirable to call attention to some of the general, salient features of the 
book. The work is complete and requires 612 pages for its exposition. Never- 
theless, nothing superfluous is included, as is shown by the fact that every 
article is necessary as a proper foundation for a full understanding of the 
material which follows. In other words, the whole treatment of the subject 
is unusually clear and consistent. The publishers have used thick, opaque, 
mat paper and large, clear type so that the reader can enjoy the text by the 
aid of light from artificial sources without unnecessary ocular fatigue, a mat- 


ter of detail which unfortunately is too often neglected. In general, the fig- 
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ures are well drawn and are accompanied by legends or keys in fine print. 
Furthermore, care has been taken to so distribute the diagrams in the text 
as to minimize the annoyance of referring from the reading matter on the 
page to the figure on a preceding page. 

The headings of the articles are emphasized by bold-faced type and import- 
ant theorems and conclusions are printed in italics. The notation is uniform 
and appropriate throughout, and an appendix of 171 articles is devoted to 
explanations of the letters, symbols, etc., used in the diagrams and formulae. 
This fact deserves special emphasis, since it enables the reader to refer directly 
to any particular detail of the subject without having to hunt through earlier 
paragraphs for the meanings of the symbols. 

The author has used synthetic as well as analytic methods and has success- 
fully laid stress on the physical aspect of the problems and solutions considered. 

In the very nature of the case, Professor Southall has borrowed much 
material from standard works on geometrical optics, especially from German 
texts, but he has made full acknowledgement of his indebtedness in every 
instance. Numerous bibliographical references are distributed throughout the 
volume, chiefly as footnotes. As may be inferred from the headings of the 
chapters quoted below, the treatment is almost entirely theoretical and it 
was not the intention of the author to apply the general principles to the 
design of specific forms of apparatus. He has reserved this task for a later 
volume, which we hope may appear in the near future. 

The titles of the chapters are.—‘‘I Methods and Fundamental Laws of 
Geometrical Optics; II] Characteristic Properties of Rays of Light; III Reflec- 
tion and Refraction of Light-Rays at a Plane Surface IV Refraction throngh 
a Prism or Prism-System; V Reflection and Refraction of Paraxial Rays at a 
Spherical Surface; VI Refraction of Paraxial Rays through a Thin Lens or 
through a System of Thin Lenses; VII The Geometrical Theory of Optical 
Imagery; VIII Ideal Imagery by Paraxial Rays. Lenses and Lens-Systems; 
IX Exact Methods of Tracing the Path of a Ray Refracted at a Spherical 
Surface; X Trigonometric Formulae for Calculating the Path of a Ray through 
a Centered System of Spherical Refracting Surfaces; XI General case of the 
Refraction of an Infinitely Narrow Bundle of Rays through an Optical System. 
Astigmatism; XII The Theory of Spherical Aberrations; XIII Colour-Phe- 
nomena; XIV The Aperture and the field of View. Brightness of Optical 
Images.” 





In conclusion, attention should be directed to article 102 which is substan- 
tially derived from R.S. Heath’s ‘‘Treatise on Geometrical Optics.”’ The dia- 
gram of this article is not consistent with physical facts and hence formula 

D E 
(57). “cos “3” = cos — . cos m’’,— which expresses the deviation D of a 


ray. refracted outside of a principal section of a prism in terms of E and ,— 


’ : I 3 
is unsatisfactory. It should read sin ~~ = sin 2 cosm. A correct account 
of oblique refraction through a prism may be found in “The American Journal 
of Science, “vol. XX VI]; March 1909. 

In the German translation of Professor Southall’s “Geometrical Optics”’, 
which is now being made by D. Schulz, this little slip will be avoided. 


H. S. UHLER. 
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